JC20 Rec'd PCT/PTO SEP 1 8 2001 



FORM PTO- 1390 
(REV 10-94) 



U S DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 

10873.797USWO 



U S APPLICATION NO (Efknomi, see 37 C F R 1 5) 

to be assifl<9/ 936968 



INTERNATIONAL APPLICATION NO. 
PCT/JP00/01589 



INTERNATIONAL FILING DATE 
March 15, 2000 



PRIORITY DATE CLAIMED 
March 19, 1999 



TITLE OF INVENTION 

METHOD FOR OPTICALLY RECORDING INFORMATION AND DEVICE FOR OPTICALLY RECORDING INFORMATION 
BY THE SAME 



APPLICANT(S) FOR DO/EO/US 

Kenji NARUMI; Tetsuya AKIYAMA; Kenichi NISHIUCHI; Shigeaki FURUKAWA 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

1 . [X] This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. [ ] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. [X] This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than delay 

examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1). 

4. _ [X] A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priority date. 

510 [X] A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 
i£l a. [X] is transmitted herewith (required only if not transmitted by the International Bureau), 
jhj b. [X] has been transmitted by the International Bureau. 

rfi | c - [ ] 1S not required, as the application was filed in the United States Receiving Office (RO/US) 
6Z~ [X] A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

1¥* [X] Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 
Wi * a. [ ] are transmitted herewith (required only if not transmitted by the International Bureau). 
5 b. [ ] have been transmitted by the International Bureau. 

r*j c. [ ] have not been made; however, the time limit for making such amendments has NOT expired, 
d. [X] have not been made and will not be made. 



>f If 



[ ] A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 
9EI [X] An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)). 



10. [X] A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 

(35 U.S.C. 371(c)(5)). 

Items 11. to 16. below concern document(s) or information included: 

1 1 . [ ] An Information Disclosure Statement under 37 CFR 1.97 and 1 .98. 

12. [X] An assignment document for recording. A separate cover sheet m compliance with 37 CFR 3.28 and 3.3 1 is included. 

13. [X] A FIRST preliminary amendment. 

[ ] A SECOND of SUBSEQUENT preliminary amendment. 

14. [ ] A substitute specification. 

15. [ ] A change of power of attorney and/or address letter. 

16. [X] Other items or information: Version with markings to show changes made, International Search Report, form PCT/IB/304, form PCT/IB/308, 
form PCT/IPEA/401 , form PCT/IB/338, for PCT/IPEA/409, English translation of written reply, English translation of amended claims 



Mia 



Ron.'' i 



*S DOCKET NUMBER 

10873.797USWO 



t 6 SEP 



U.S. APPLICATION NO (If known, see 37 C F R 15) 

to be assigned 



09/936961* 



INTERNATIONAL APPLICATION NO 

CT/JPOO/01589 



17. [X] The following fees are submitted: 

BASIC NATIONAL FEE (37 CFR 1.492(a) (l)-(5)): 

Search Report has been prepared by the EPO or JPO $860.00 

International preliminary examination fee paid to USPTO 

(37 CFR 1.492(a)(1)) $690.00 

No international preliminary examination fee paid to USPTO (37 CFR 1.482) 

'but international search fee paid to USPTO (37 CFR 1.445(a)(2)) $710.00 

Neither international preliminary examination fee (37 CFR 1 .482) nor 
international search fee (37 CFR 1.445(a)(3)) paid to USPTO $1000.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(2)-(4) $100.00 



CALCULATIONS pto use only 



ENTER APPROPRIATE BASIC FEE AMOUNT = 



$860.00 



Surcharge of $130.00 for furnishing the oath or declaration later than [ ] 20 [ ] 30 
months from the earliest claimed priority date (37 CFR 1 .492(e)). 



$0.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



40 



-20 = 



20 



X $18.00 



$360.00 



Independent claims 



-3=0 



X $80.00 



$0.00 



MfLTIPLE DEPENDENT CLAIM(S) (if applicable) 



+ $260.00 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$1,220.00 



KSpuction by 1/2 for filing by small entity, if applicable. Small entity status is claimed 
rMfsuant to 37 CFR 1.27 



$0.00 



SUBTOTAL = 



$1,220.00 



Accessing fee of $130.00 for furnishing the English translation later than [ ] 20 [ ] 30 
months from the earliest claimed priority date (37 CFR 1 .492(f). 



$0.00 



TOTAL NATIONAL FEE = 



$1,220.00 



Ijjee for recording the enclosed assignment (37 CFR 1 .21(h)). The assignment must be 
akspmpanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property 



$40.00 



TOTAL FEES ENCLOSED = 



$1,260.00 



Amount to be: 
refunded 



$0.00 



charged 



$0.00 



a. [X] Check(s) in the amount of $40.00 for assignment recordation and $1,220.00 for filing fee to cover the above fees is enclosed. 



in the amount of $ 



to cover the above fees. 



b. [ ] Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

c. [X] The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 13-2725 . 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO 

Douglas P. Mueller 
MERCHANT & GOULD 
P.O. Box 2903 

Minneapolis, MN 55402-0903 



SIGNATURE: 



NAME: Douglas FT Mueller 




REGISTRATION NUMBER: 30,300 



09/ 

JC03Rec'iF:--7O 



936968 

I 6 3£P2WJ 



S/N unknown 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: 



Narumi et al. 



Docket No.: 



10873.797USWO 



Serial No.: 



unknown 



Filed: 



concurrent herewith 



Int'l ApplnNo.: 



PCT/JPOO/01589 Int'l Filing Date: March 15, 2000 



Title: 



METHOD FOR OPTICALLY RECORDING INFORMATION AND 
DEVICE FOR OPTICALLY RECORDING INFORMATION BY THE 
SAME 



CERTIFICATE UNDER 37 CFR 1.10 

■Express Mail* mailing label number: EL669945 15 1US 

Date of Deposit: September 18, 2001 
I hereby certify that this correspondence is being deposited with the United States Postal Service 'Express Mail Post 
Office To Addressee' service under 37 CFR 1.10 on the date indicated above and is addressed to the Assistant 
Commissioner for Patents, Washington, D.C . 2023 1 . y\ 



In connection with the above-identified application filed herewith, please enter the 



following preliminary amendment, which is based on the Article 34 amendments, based on 
claims amended in prosecution of the international application and published in the International 
Preliminary Examination Report, a copy of which is enclosed herewith: 



Insert the attached Abstract page into the application as the last page thereof. 




PRELIMINARY AMENDMENT 



Box PCT 

Assistant Commissioner for Patents 
Washington, D. C. 20231 



Dear Sir: 



IN THE ABSTRACT 



IN THE SPECIFICATION 
A courtesy copy of the present specification is enclosed herewith. However, the 
World Intellectual Property Office (WIPO) copy should be relied upon if it is already in the U.S. 
Patent Office. 

Please replace the paragraph beginning at page 19, line 4, with the following 
rewritten paragraph: 

- FIGs. 3 (a), 3 (b), 3 (c), 3 (d), and 3 (e) are diagrams showing a waveform of 
test pattern signals for determining a recording pulse edge position, a waveform of a recording 
pulse for driving a laser, a state of a track 307 after recording of the test pattern signals, a 
waveform of a reproduction signal obtained from the track, and a waveform of a binary signal of 
the reproduction signal, respectively. - 

REMARKS 

The above preliminary amendment is made to correct an omission during 
translation of the specification. Attached hereto is a marked-up version of the changes made to 
the specification. The attached page is captioned "Version with markings to show changes 
made", 

A new abstract page is supplied to conform to that appearing on the publication 
page of the WIPO application, but the new Abstract is typed on a separate page as required by 
U.S. practice. 

Applicants respectfully request that the preliminary amendment described herein 
be entered into the record prior to calculation of the filing fee and prior to examination and 
consideration of the above-identified application. 



If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact Applicants' primary attorney-of record, Douglas P. Mueller (Reg. 
No. 30,300), at (612) 371.5237. 



Respectfully submitted, 

MERCHANT & GOULD P.C. 
P.O. Box 2903 

Minneapolis, Minnesota 55402-0903 
(612) 332-5300 



Dated: September 18,2001 




DcfugMs P. Mueller 
Reg. No. 30,300 



DPM/jlc 



Intl. Appln. No. PCT/JP00/01589 



10873.797USWO 



Version with markings to show changes made 

In the specification: 

Paragraph beginning at page 19, line 4 has been amended as follows: 

FIGs. 3 (a), 3 (b), 3 (c), 3 (d), and 3 (e) are diagrams showing a waveform 
of test pattern signals for determining a recording pulse edge position, a waveform of a 
recording pulse for driving a laser , a state of a track 307 after recording of the test pattern 
signals, a waveform of a reproduction signal obtained from the track, and a waveform of 
a binary signal of the reproduction signal, respectively. 



09/936968 



DESCRIPTION 

METHOD FOR OPTICALLY RECORDING INFORMATION 
/ AND DEVICE FOR OPTICALLY RECORDING^ 
n INFORMATION BY THE SAME 



TECHNICAL FIELD 

The present invention relates to an optical information recording 
medium such as an optical disk used for optically recording and reproducing 
information, a method for recording information and an information 
recording device in which a test recording is performed prior to recording of 
an information signal for optimization of recording conditions. 



BACKGROUND ART 

In recent years, media used for optically recording information have 
been proposed and developed that include an optical disk, an optical card, 
and an optical tape. Particular attention has been given to an optical disk 
as a medium that allows large -capacity and high-density recording and 
reproduction of information. 

Among the forms of rewritable optical disks is a phase change 
optical disk. A recording film used in the phase change optical disk is 
brought into either an amorphous state or a crystalline state depending on 
conditions of heating and cooling by a laser beam. There is reversibility 
between the amorphous state and the crystalline state. The recording film 
varies in optical constants (refractive index and extinction coefficient) 
depending on whether the recording film is in the amorphous state or the 
crystalline state. In the phase change optical disk, these two states are 
formed selectively on the recording film according to an information signal. 
As a result of this, optical variations (variations in transmittance or 
reflectance) are caused and used to perform recording and reproduction of 
the information signal. 

In order to obtain the above two states, an information signal is 
recorded by the following method. A laser beam (power level Pp) focused by 
an optical head is irradiated onto a recording film of an optical disk in a 
pulse-like state (referred to as a recording pulse). A temperature increased 
beyond the melting point causes the recording film to melt. The melted 
portion is cooled rapidly as the laser beam passes therethrough and turned 



into a recording mark (referred to also as a mark) in an amorphous state. 
The power level Pp is referred to as peak power. On the other hand, when a 
laser beam (power level Pb, Pb < Pp) is focused to be irradiated onto the 
recording film, which has such an intensity as to increase the temperature of 
the recording film to a temperature higher than the crystallization 
temperature but lower than the melting point, a beam-irradiated part of the 
recording film is brought into a crystalline state. The power level Pb is 
referred to as bias power. The peak power and the bias power are referred 
to as recording power, collectively. 

In the foregoing manner, a recording pattern of the recording mark 
of an amorphous region that corresponds to a recording data signal and a 
mark non-forming part of a crystalline region (referred to as a space) is 
formed on a track of the optical disk. By the use of differences in optical 
characteristics between the crystalline region and the amorphous region, the 
information signal can be reproduced. 

Recently, the mark edge recording (referred to also as the PWM 
recording) method has been in wider use than before in place of the mark 
position recording (referred to also as the PPM recording) method. The 
mark position recording allows only a position of a recording mark itself to 
have information, while the mark edge recording allows both front and back 
ends of a recording mark edge to have information, thereby being 
advantageous in improving recording linear density. 

Particularly, in the mark edge recording method, recording is 
performed in such a manner that a recording pulse generated in recording a 
long mark is resolved into a plurality of recording pulse trains (referred to as 
a multiple pulse), and that a first pulse (referred to as a front-end pulse) is 
made wider than an intermediate pulse and a last pulse (referred to as a 
back-end pulse). The recording is thus performed with the following in 
mind. In recording a back part of a mark, a recording film is fed with less 
heat than that in the case of recording a front part of the mark in 
consideration of the influence of excess heat transmitted from the front part 
of the mark. Accordingly, distortion in the shape of the recording mark is 
reduced, whereby the mark is recorded with increased accuracy. 

In the meantime, in view of an optical disk being a replaceable 
recording medium, a device for recording and reproducing optical disks is 
required to allow stable recording and reproduction with respect to a 
plurality of optical disks different from one another. However, even optical 



disks manufactured under the same conditions may vary from one another in 
the recording power that is optimum for recording and reproduction due to 
variations in thermal characteristics attributable to variations caused 
during manufacturing and changes over time. Further, laser beam power to 
reach a recording film of an optical disk may vary due to staining on the 
surface of a substrate of the optical disk and a decrease in transmission 
efficiency of an optical system and variations in an operating condition of a 
recording and reproducing device. 

Furthermore, in the mark edge recording method, variations in 
thermal characteristics of an optical disk have an influence on a forming 
condition of a recording mark itself and the degree of thermal interference 
among recording marks. That is, even recording marks formed as a result 
of recording in the same recording pulse waveform vary in shape from one 
disk to another. Thus, a recording mark edge may shift from an ideal 
position to cause degradation of a reproduced signal depending on a disk that 
is used. 

Therefore, it is requested to allow a recording mark to be recorded in 
ideal edge positions irrespective of which disk is used by optimally correcting 
recording power, a front-end pulse edge position, and a back-end pulse edge 
position with respect to each disk. 

An example of a method for accurately recording and reproducing 
an information signal by correcting optimum power level of a laser beam, a 
front-end pulse edge position, and a back-end pulse edge position as 
described above has been disclosed in JP 2679596 B. In the example, 
combinations of a length of a recording mark (referred to as a self mark 
length) and lengths of spaces preceding and following the recording mark 
(referred to as a preceding space length and a following space length, 
respectively) are organized into combination tables, and with respect to each 
element in the combination tables, a front-end pulse edge position or a 
back-end pulse edge position is corrected. 

Furthermore, a method for determining optimum recording power 
from power dependence of a bit error rate has been disclosed in JP 
9(l997)-63056 A. Further, the following method has been disclosed in JP 
6(1994)- 195713 A. Prior to recording of an information signal that is 
performed in starting up a recording and reproducing device and in 
introducing an optical disk, a test recording using a data pattern having a 
certain period of time (referred to as a test pattern) is performed. Then, a 



test signal as a result of the recording is reproduced, and a resultant 
reproduction signal is measured to determine a shift amount of a recording 
mark edge. A front-end pulse edge position and a back-end pulse edge 
position are corrected accordingly. 

However, in the conventional methods described above, in 
introducing an optical disk, for example, a test recording always results in 
following the same sequence of steps irrespective of the type of optical disk 
that is used. Accordingly, when the recording power, the front-end pulse 
edge position, and the back-end pulse edge position retained as initial values 
in a recording and reproducing device are optimum with respect to an 
introduced optical disk, a test recording results in having substantially 
redundant steps. As a result, it takes much time for the recording and 
reproducing device to be brought into a state where an information signal 
actually can be recorded, which has been disadvantageous. Particularly, 
determining a front-end pulse edge position and a back-end pulse edge 
position requires many steps of test recording, and thus the time taken to 
obtain a state where an information signal can be recorded is considerable. 

Furthermore, in some cases, even when a front-end pulse edge 
position and a back-end pulse edge position are corrected during steps of a 
test recording using a test pattern, the corrected edge positions may not be 
sufficiently optimum in actual recording of an information signal. As a 
result, the test recording using a test pattern alone does not allow recording 
of an actual information signal to be performed with sufficient accuracy, 
which has been disadvantageous. 

Furthermore, in the conventional methods, when recording pulse 
trains that depend on a mark of an information signal are generated to 
record information, in some cases, a front part and a back part of a recording 
mark may be distorted asymmetrically with each other due to variations in 
thermal characteristics of an optical disk. As a result, a reproduction signal 
is distorted, so that even when a front-end pulse edge position and a 
back-end pulse edge position are optimized by a test recording, an 
information signal can not be recorded with sufficient accuracy, which has 
been disadvantageous. 

DISCLOSURE OF THE INVENTION 

This invention is intended to solve the conventional problems as 
described above. It is an object of the present invention to provide a method 



for optically recording information that allows recording conditions such as 
recording power, a front-end pulse edge position, a back-end pulse edge 
position, a front-end pulse width, and a back-end pulse width to be 
determined by a short-time test recording. 

It is another object of the present invention to provide a method for 
optically recording information that allows an information signal to be 
recorded with accuracy by determining recording conditions with increased 
accuracy through an appropriate test recording. 

In order to achieve the aforementioned objects, a first method for 
optically recording information according to the present invention is a 
method for optically recording information in which recording and 
reproduction of information is performed in such a manner that a test 
recording is performed before recording an information signal on a 
rewritable optical information recording medium, 

where based on a front-end pulse edge position predetermined by a 
combination table of a preceding space length and a self mark length and a 
back-end pulse edge position predetermined by a combination table of a self 
mark length and a following space length, a random pattern signal is 
recorded (a), 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured (b), 

it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value (c), 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, first test pattern signals are recorded (d), 

edge intervals of the first test pattern signals after being reproduced 
are measured (e), and 

based on results obtained by measuring the edge intervals, optimum 
values of the front-end pulse edge position and the back-end pulse edge 
position are determined (£). 

According to this method, the time required to determine a 
front-end pulse edge position and a back-end pulse edge position can be 
reduced. 

In the first method for optically recording information, preferably, 
prior to the step (a), 

based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, a random pattern signal according to 



predetermined recording power is recorded, 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured, 

it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value, 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, second test pattern signals are recorded in such a 
manner that the front-end pulse edge position and the back-end pulse edge 
position are set to predetermined values, 

based on results obtained by reproducing the second test pattern 
signals, an optimum value of recording power is determined, and then 

the steps (a) to (£) are performed. 

According to this method, not only a front-end pulse edge position 
and a back-end pulse edge position but also the recording power can be 
determined optimally. 

Furthermore, in the first method for optically recording information, 
preferably, a random pattern is recorded in such a manner that the optimum 
values of the front-end pulse edge position and the back-end pulse edge 
position determined in the step (£> are used as initial values, and that at least 
one of the front-end pulse edge position and the back-end pulse edge position 
is (are) changed (a - l), 

a jitter or a bit error rate of a reproduction signal obtained by 
reproducing the random pattern is measured (b - l), and 

based on a result obtained by measuring the jitter or the bit error 
rate, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are corrected to be redetermined (c - l). 

According to this method, a front-end pulse edge position and a 
back-end pulse edge position can be corrected so as to conform to an actual 
information signal, whereby an information signal can be recorded with 
increased accuracy. 

Furthermore, in the first method for optically recording information, 
preferably, prior to the step (a - l), 

based on the optimum values of the front-end pulse edge position 
and the back-end pulse edge position determined in the step (£>, a random 
pattern is recorded, 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured, 



it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value, and 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, the steps (a - l) to (c - l) are performed. 

According to this method, with respect to an optical disk in which a 
front-end pulse edge position and a back-end pulse edge position are 
corrected sufficiently by recording of the first test pattern alone, the time 
taken to obtain a state that allows actual recording of an information signal 
can be reduced. 

Furthermore, in the first method for optically recording information, 
preferably, subsequent to the step (c - l), 

based on the corrected optimum values of the front-end pulse edge 
position and the back-end pulse edge position, third test pattern signals are 
recorded, and 

based on results obtained by reproducing third test pattern signals, 
a front-end pulse width and a back-end pulse width are corrected. 

According to this method, after a front-end pulse edge position and a 
back-end pulse edge position are corrected so as to conform to an actual 
information signal, distortion of a recording mark can be minimized, 
whereby an information signal can be recorded with increased accuracy. 

Furthermore, in the first method for optically recording information, 
preferably, prior to the step (a), 

based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, third test pattern signals are recorded, 
and 

based on results obtained by reproducing the third test pattern 
signals, a front-end pulse width and a back-end pulse width are corrected. 

According to this method, edge positions of a recording pulse can be 
determined after minimizing distortion of a recording mark, so that 
distortion of a reproduction signal is reduced, whereby information can be 
recorded with increased accuracy. 

Furthermore, in the first method for optically recording information, 
preferably, information indicating the front-end pulse edge position and 
information indicating the back-end pulse edge position that are prerecorded 
in a predetermined area on the optical information recording medium are 
read out and used as initial values, and 

based on the information, the front-end pulse edge position and the 



back-end pulse edge position that are predetermined are determined. 

According to this method, information that has been read out can be 
used as initial values of a front-end pulse edge position and a back-end pulse 
edge position, whereby the time required for a test recording further can be 
reduced. 

Furthermore, in the first method for optically recording information, 
preferably, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are recorded as information in a predetermined 
area on the optical information recording medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the redetermined optimum values of 
the front-end pulse edge position and the back-end pulse edge position can be 
read out and used as initial values, whereby the time to be required the next 
time when a test recording is performed can be reduced. 

Furthermore, in the first method for optically recording information, 
preferably, information indicating the recording power prerecorded in a 
predetermined area on the optical information recording medium is read out 
and used as an initial value, and 

based on the information, the predetermined recording power is 
determined. 

According to this method, information that has been read out can be 
used as an initial value of recording power, whereby the time required for a 
test recording further can be reduced. 

Furthermore, in the first method for optically recording information, 
preferably, the optimum value of the recording power is recorded as 
information in a predetermined area on the optical information recording 
medium. 

According to this method, the next time this medium is introduced 
in a optical recording and reproducing device, the determined optimum value 
of the recording power can be read out and used as an initial value, whereby 
the time to be required the next time when a test recording is performed can 
be reduced. 

Moreover, in order to achieve the aforementioned objects, a second 
method for optically recording information according to the present 
invention is a method for optically recording information in which recording 
and reproduction of information is performed in such a manner that a test 
recording is performed before recording an information signal on a 
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rewritable optical information recording medium, 

where based on a front-end pulse edge position and a back-end pulse 
edge position that are predetermined, a random pattern signal is recorded 
with predetermined recording power (a), 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured (b), 

it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value (c), 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, second test pattern signals are recorded (d), and 

based on results obtained by reproducing the second test pattern 
signals, an optimum value of the recording power is determined (e). 

This method allows the time required to determine the recording 
power can be reduced. 

In the second method for optically recording information, preferably, 
prior to the step (a), 

based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, a random pattern signal according to 
predetermined recording power is recorded, 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured, 

it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value, 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, first test pattern signals are recorded in such a 
manner that the recording power is set to a predetermined value, 

based on results obtained by reproducing the first test pattern 
signals, optimum values of the front-end pulse edge position and the 
back-end pulse edge position are determined, and then 

the steps (a) to (e) are performed. 

According to this method, not only recording power but also a 
front-end pulse edge position and a back-end pulse edge position can be 
determined optimally. 

Furthermore, in the second method for optically recording 
information, preferably, a random pattern is recorded in such a manner that 
the recording power is set to the optimum value determined in the step (e), 
and that at least one of the front-end pulse edge position and the back-end 



pulse edge position is (are) changed (a - 1), 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured (b - l), and 

based on a result obtained by measuring the jitter or the bit error 
rate, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are corrected to be redetermined (c - l). 

According to this method, a front-end pulse edge position and a 
back-end pulse edge position can be corrected so as to conform to an actual 
information signal, whereby an information signal can be recorded with 
increased accuracy. 

Furthermore, in the second method for optically recording 
information, preferably, prior to the step (a - 1), 

based on the optimum value of the recording power determined in 
the step (e), a random pattern is recorded, 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured, 

it is judged whether a value of the jitter or the bit error rate as a 
result of the measurement is not less than a fixed value, and 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, the steps (a - l) to (c - l) are performed. 

According to this method, with respect to an optical disk with a 
front-end pulse edge position and a back-end pulse edge position sufficiently 
corrected, the time taken to obtain a state that allows actual recording of an 
information signal can be reduced. 

Furthermore, in the second method for optically recording 
information, preferably, subsequent to the step (c - l), 

based on the corrected optimum values of the front-end pulse edge 
position and the back-end pulse edge position, third test pattern signals are 
recorded, and 

based on results obtained by reproducing the third test pattern 
signals, a front-end pulse width and a back-end pulse width are corrected. 
According to this method, after a front-end pulse edge position and a 
back-end pulse edge position are corrected so as to conform to an actual 
information signal, distortion of a recording mark can be minimized, 
whereby an information signal can be recorded with increased accuracy. 

Furthermore, in the second method for optically recording 
information, preferably, prior to the step (a), 
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based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, third test pattern signals are recorded, 
and 

based on results obtained by reproducing the third test pattern 
signals, a front-end pulse width and a back-end pulse width are corrected. 

According to this method, edge positions of a recording pulse can be 
determined after minimizing distortion of a recording mark, so that 
distortion of a reproduction signal is reduced, whereby information can be 
recorded with increased accuracy. 

Furthermore, in the second method for optically recording 
information, preferably, information indicating the recording power 
prerecorded in a predetermined area on the optical information recording 
medium is read out and used as an initial value, and 

based on the information, the predetermined recording power is 
determined. 

According to this method, information that has been read out can be 
used as an initial value of recording power, whereby the time required for a 
test recording further can be reduced. 

Furthermore, in the second method for optically recording 
information, preferably, the optimum value of the recording power is 
recorded as information in a predetermined area on the optical information 
recording medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the determined optimum value of the 
recording power can be read out and used as an initial value, whereby the 
time to be required the next time when a test recording is performed can be 
reduced. 

Furthermore, in the second method for optically recording 
information, preferably, information indicating the front-end pulse edge 
position and information indicating the back-end pulse edge position that are 
prerecorded in a predetermined area on the optical information recording 
medium are read out and used as initial values, and 

based on the information, the front-end pulse edge position and the 
back-end pulse edge position that are predetermined are determined. 

According to this method, information that has been read out can be 
used as initial values of a front-end pulse edge position and a back-end pulse 
edge position, whereby errors caused during recording power calculation can 
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be reduced. 

In addition, in the second method for optically recording information, 
preferably, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are recorded as information in a predetermined 
area on the optical information recording medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the redetermined optimum values of 
the front-end pulse edge position and the back-end pulse edge position can be 
read out and used as initial values, whereby the time to be required the next 
time when a test recording is performed can be reduced. 

Moreover, in order to achieve the aforementioned objects, a third 
method for optically recording information according to the present 
invention is a method for optically recording information in which recording 
and reproduction of information is performed in such a manner that a test 
recording is performed before recording an information signal on a 
rewritable optical information recording medium, 

where a random pattern signal is recorded in such a manner that a 
front-end pulse edge position predetermined by a combination table of a 
preceding space length and a self mark length and a back-end pulse edge 
position predetermined by a combination table of a self mark length and a 
following space length are used as initial values, and that at least either one 
of the front-end pulse edge position and the back-end pulse edge position is 
(are) changed (a), 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured (b), and 

based on a result obtained by measuring the jitter or the bit error 
rate, the front-end pulse edge position and the back-end pulse edge position 
that are predetermined are corrected (c). 

According to this method, a front-end pulse edge position and a 
back-end pulse edge position can be corrected so as to conform to an actual 
information signal, whereby an information signal can be recorded with 
increased accuracy. 

In the third method for optically recording information, preferably, 
prior to the step (a), 

based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, a random pattern signal is recorded, 
a jitter or a bit error rate obtained by reproducing the random 
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pattern is measured, 

it is judged whether a value of the jitter or the bit error rate is not 
less than a fixed value, and 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, the steps (a) to (c) are performed. 

According to this method, with respect to an optical disk in which a 
front-end pulse edge position and a back-end pulse edge position are 
corrected sufficiently in their initial states, the time taken to obtain a state 
that allows actual recording of an information signal can be reduced. 

Furthermore, in the third method for optically recording 
information, preferably, information indicating the front-end pulse edge 
position and information indicating the back-end pulse edge position that are 
prerecorded in a predetermined area on the optical information recording 
medium are read out and used as initial values, and 

based on the information, the front-end pulse edge position and the 
back-end pulse edge position that are predetermined are determined. 

According to this method, information that has been read out can be 
used as initial values of a front-end pulse edge position and a back-end pulse 
edge position, whereby the time required for a test recording further can be 
reduced. 

Furthermore, in the third method for optically recording 
information, preferably, the front-end pulse edge position and the back-end 
pulse edge position that have been corrected are recorded as information in a 
predetermined area on the optical information recording medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the redetermined optimum values of 
the front-end pulse edge position and the back-end pulse edge position can be 
read out and used as initial values, whereby the time to be required the next 
time when a test recording is performed can be reduced. 

Furthermore, in the third method for optically recording 
information, preferably, a random pattern is recorded in the step (a) in such 
a manner that either one of the front-end pulse edge position and the 
back-end pulse edge position is changed, and 

with respect to a plurality of elements in the combination tables, the 
steps (a) to (c) are performed repeatedly. 

According to this method, the time required to correct a front-end 
pulse edge position and a back-end pulse edge position can be reduced. 
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Moreover, in order to achieve the aforementioned objects, a fourth 
method for optically recording information according to the present 
invention is a method for optically recording information in which recording 
and reproduction of information is performed in such a manner that a test 
recording is performed before recording an information signal on a 
rewritable optical information recording medium, 

where based on a front-end pulse edge position predetermined by a 
combination table of a preceding space length and a self mark length and a 
back-end pulse edge position predetermined by a combination table of a self 
mark length and a following space length, third test pattern signals are 
recorded (a), and 

based on results obtained by reproducing the third test pattern 
signals, optimum values of a front-end pulse width and a back-end pulse 
width are determined (b). 

According to this method, distortion of a recording mark 
attributable to heat characteristics in a scanning direction that vary with 
each individual optical disk can be minimized, so that distortion of a 
reproduction signal is reduced, whereby information can be recorded with 
increased accuracy. 

In the fourth method for optically recording information, preferably, 
subsequent to the step (b), 

first test pattern signals are recorded, 

edge intervals of the first test pattern signals after being reproduced 
are measured, and 

based on results of the measurement, optimum values of the 
front-end pulse edge position and the back-end pulse edge position are 
determined. 

According to this method, an edge position of a recording pulse can 
be determined after minimizing distortion of a recording mark, so that 
distortion of a reproduction signal is reduced, whereby information can be 
recorded with increased accuracy. 

Furthermore, in the fourth method for optically recording 
information, preferably, information indicating the front-end pulse width 
and information indicating the back-end pulse width that are prerecorded in 
a predetermined area on the optical information recording medium are read 
out and used as initial values, and 

based on the information, the front-end pulse width and the 
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back-end pulse width that are predetermined are determined. 

According to this method, information that has been read out can be 
used as initial values of a front-end pulse width and a back-end pulse width, 
whereby the time required for a test recording further can be reduced. 

Furthermore, in the fourth method for optically recording 
information, preferably, the optimum values of the front-end pulse width and 
the back-end pulse width that have been determined are recorded as 
information in a predetermined area on the optical information recording 
medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the determined optimum values of the 
front-end pulse width and the back-end pulse width can be read out and used 
as initial values, whereby the time to be required the next time when a test 
recording is performed can be reduced. 

Furthermore, in the fourth method for optically recording 
information, preferably, information indicating the front-end pulse edge 
position and information indicating the back-end pulse edge position that are 
prerecorded in a predetermined area on the optical information recording 
medium are read out and used as initial values, and 

based on the information, the optimum values of the front-end pulse 
edge position and the back-end pulse edge position are determined. 

According to this method, information that has been read out can be 
used as initial values of a front-end pulse edge position and a back-end pulse 
edge position, whereby the time required for a test recording further can be 
reduced. 

Furthermore, in the fourth method for optically recording 
information, preferably, the optimum values of the front-end pulse edge 
position and the back-end pulse edge position are recorded as information in 
a predetermined area on the optical information recording medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, the determined optimum values of the 
front-end pulse edge position and the back-end pulse edge position can be 
read out and used as initial values, whereby the time to be required the next 
time when a test recording is performed can be reduced. 

Furthermore, in the fourth method for optically recording 
information, preferably, in the step (a), the third test pattern signals are 
recorded in such a manner that either one of the front-end pulse width and 
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the back-end pulse width is changed, and 

in the step (b), a leading edge jitter and a trailing edge jitter of a 
reproduction signal obtained by reproducing the third test pattern signals 
are measured independently, and based on a result obtained by measuring 
the jitters, the front-end pulse width and the back-end pulse width are 
corrected. 

According to this method, a front-end pulse width and a back-end 
pulse width can be determined easily 

Furthermore, in the fourth method for optically recording 
information, preferably, the third test pattern is a single-period signal 
pattern. 

According to this method, a recording pulse width can be 
determined without being affected by a front-end pulse edge position and a 
back-end pulse edge position. 

Moreover, in the first to fourth methods for optically recording 
information, preferably, information for identifying a recording and 
reproducing device in which a test recording has been performed is recorded 
as information in a predetermined area on the optical information recording 
medium. 

According to this method, the next time this medium is introduced 
in a recording and reproducing device, it can be judged whether the 
recording and reproducing device is substantially identical to the recording 
and reproducing device in which the test recording has been performed, and 
when the device is judged to be substantially identical, the time to be 
required the next time when a test recording is performed can be reduced. 

Furthermore, in the first to fourth methods for optically recording 
information, preferably, information for identifying a recording and 
reproducing device that is prerecorded in a predetermined area on the 
optical information recording medium is read out, 

it is judged whether the recording and reproducing device after 
being identified is substantially identical to a recording and reproducing 
device in which a test recording is performed, and 

when the recording and reproducing device after being identified is 
judged to be substantially identical to the recording and reproducing device 
in which the test recording is performed, a test recording is skipped with 
respect to at least one selected from the group consisting of information 
indicating a front-end pulse edge position and a back-end pulse edge position, 
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information indicating a front-end pulse width and a back-end pulse width, 
and information indicating recording power. 

According to this method, when a recording and reproducing device 
is substantially identical, the time to be required the next time when a test 
recording is performed can be reduced. 

Moreover, in order to achieve the aforementioned objects, an optical 
information recording device according to the present invention is an optical 
information recording device for recording information on an optical 
information recording medium employing the first to fourth methods for 
optically recording information, where a test recording is performed and the 
timing thereof is at least one selected from the group consisting of: when 
the recording and reproducing device is adjusted; when the recording and 
reproducing device is started up; when a certain time has elapsed after the 
start-up; when an optical information recording medium is replaced; when a 
bit error rate of an optical information recording medium exceeds a 
predetermined value; and when the temperature of an operation 
environment of the optical information recording device varies. 

According to this configuration, performing a test recording when a 
recording and reproducing device is adjusted can compensate for variation 
factors caused among optical information recording devices. Further, 
performing a test recording when an optical information recording device is 
started up and when a certain time has elapsed after the start-up can 
compensate for variation factors of the optical information recording device 
itself. Further, performing a test recording when an optical information 
recording medium is replaced can compensate for variation factors caused 
among optical information recording media. Further, performing a test 
recording when a bit error rate of an optical information recording medium 
exceeds a predetermined value can compensate for variation factors of the 
optical information recording medium itself. Furthermore, performing a 
test recording when temperature of an operation environment varies can 
compensate for variation factors attributable to temperature dependence of 
an optical information recording device and an optical information recording 
medium. 

Accordingly, the aforementioned methods have functional effects as 
listed in the following. 

(1) By recording a random pattern and performing a test recording 
based on test pattern signals for determining an edge position only when a 
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bit error rate of reproduced information has a value higher than a 
predetermined value, when a front-end pulse edge position and a back-end 
pulse edge position prerecorded on an optical disk are optimum, unnecessary 
steps of the test recording are eliminated. Therefore, when a disk is 
introduced in a recording and reproducing device in which the disk has been 
introduced before or when the disk is introduced in another recording and 
reproducing device having equivalent performance to that of the recording 
and reproducing device in which the disk has been introduced before, the 
time for a test recording can be reduced. 

(2) By initially recording a random pattern and performing a test 
recording based on test pattern signals for determining recording power only 
when a bit error rate of reproduced information has a value higher than a 
predetermined value, when recording power prerecorded on an optical disk is 
optimum, unnecessary steps of the test recording are eliminated. Therefore, 
when a disk is introduced in a recording and reproducing device in which the 
disk has been introduced before or when the disk is introduced in another 
recording and reproducing device having equivalent performance to that of 
the recording and reproducing device in which the disk has been introduced 
before, the time for a test recording can be reduced. 

(3) By further recording a random pattern to adjust a front-end 
pulse edge position and a back-end pulse edge position that have been 
determined in such a manner that test pattern signals for determining an 
edge position are recorded, recording pulse conditions can be set so as to 
conform to an actual information signal, whereby an information signal can 
be recorded with increased accuracy. 

(4) By recording a test pattern for determining a pulse width to 
adjust an front-end pulse width and a back-end pulse width before 
determining a front-end pulse edge position and a back-end pulse edge 
position in such a manner that test pattern signals for determining an edge 
position are recorded, a pulse width that corresponds to differences in 
thermal characteristics of each optical disk can be set, whereby an 
information signal can be recorded with increased accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of a recording 
and reproducing device according to a first embodiment of the present 
invention. 
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FIG. 2 is a flow chart for explaining the operation of the recording 
and reproducing device according to the first embodiment of the present 
invention. 

FIGs. 3 (a), 3 (b), 3 (c), 3 (d), and 3 (e) are diagrams showing a 
waveform of test pattern signals for determining a recording pulse edge 
position, a state of a track 307 after recording of the test pattern signals, a 
waveform of a reproduction signal obtained from the track, and a waveform 
of a binary signal of the reproduction signal, respectively. 

FIG. 4 is a block diagram showing the configuration of a recording 
and reproducing device according to a second embodiment of the present 
invention. 

FIG. 5 is a flow chart for explaining the operation of the recording 
and reproducing device according to the second embodiment of the present 
invention. 

FIG. 6 is a block diagram showing the configuration of a recording 
and reproducing device according to a third embodiment of the present 
invention. 

FIG. 7 is a flow chart for explaining the operation of the recording 
and reproducing device according to the third embodiment of the present 
invention. 

FIG. 8 is a block diagram showing the configuration of a recording 
and reproducing device according to a fourth embodiment of the present 
invention. 

FIGs. 9 (a), 9 (b), 9(c), and 9(d) are diagrams showing a recording 
pulse waveform, an optimum recording mark, a recording mark distorted 
when heat conductivity in a track direction is high, and a recording mark 
distorted when heat conductivity in the track direction is low, respectively. 

FIG. 10 is a flow chart for explaining the operation of the recording 
and reproducing device according to the fourth embodiment of the present 
invention. 

FIGs. 11 (a) and 11 (b) are graphs showing the relationship between 
a front-end pulse width (FPW) and a leading edge jitter (LE J) and the 
relationship between a back-end pulse width (LPW) and a trailing edge jitter 
(TEJ), respectively, in a method for recording and reproduction according to 
the fourth embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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Hereinafter, the present invention will be described by way of 
embodiments with reference to the appended drawings. 
First Embodiment 

In this embodiment, a random pattern is recorded initially and only 
when a bit error rate of reproduced information has a value higher than a 
predetermined value, a test recording is performed based on test pattern 
signals for determining a recording pulse edge position (first test pattern 
signals). Thus, when initial values of edge positions are optimum, 
unnecessary steps of a test recording are eliminated. 

FIG. 1 is a block diagram schematically showing the configuration 
of a recording and reproducing device (an optical information recording 
device) for realizing a first embodiment. 

The recording and reproducing device is a device for recording and 
reproducing information using an optical disk 1 that includes a spindle 
motor 11 for rotating the optical disk 1 and an optical head 10 having a laser 
as a light source (not shown) for focusing laser beams on a desired portion of 
the optical disk 1. The entire operation of the recording and reproducing 
device is controlled by a system controlling circuit 2. In the system 
controlling circuit 2, a table registering memory 2a is provided for 
registering information of each element in combination tables to correct a 
front-end pulse edge position that corresponds to a combination of a self 
mark and a preceding space and a back-end pulse edge position that 
corresponds to a combination of a self mark and a following space. Further, 
in the system controlling circuit 2, an edge interval accumulating memory 2b 
also is provided for accumulating mark edge intervals as results of the 
measurement to determine correction amounts of a front-end pulse edge 
position and a back-end pulse edge position. 

The recording and reproducing device includes a test pattern signal 
generating circuit 4 for generating test pattern signals for determining a 
recording pulse edge position having a certain period of time, a random 
pattern signal generating circuit 3 for generating a random pattern signal 
having substantially all patterns based on modulation rules to measure a 
jitter or a bit error rate, and a modulation circuit 5 for generating a recording 
data signal that corresponds to an information signal to be recorded. 

The recording and reproducing device includes a selecting circuit 6 
for switching three kinds of recording data signals transmitted according to a 
recording mode, a recording signal generating circuit 7 for generating 
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recording pulse trains for driving the laser according to a recording data 
signal, and a recording pulse edge adjusting circuit 8 for adjusting a 
front-end pulse edge position and a back-end pulse edge position of recording 
pulse trains output by the recording signal generating circuit 7. The 
recording pulse edge adjusting circuit 8 may be a circuit for adjusting edge 
positions in such a manner that positions of a front-end pulse and a back-end 
pulse themselves are changed or a circuit for adjusting edge positions in such 
a manner that a leading edge position of a front end pulse and a trailing edge 
position of a back-end pulse are changed (where the widths of the front end 
pulse and the back-end pulse change, respectively). 

In addition, a laser- driving circuit 9 is provided for modulating a 
current for driving the laser as a light source in the optical head 10 according 
to a recording pulse output by the recording pulse edge adjusting circuit 8. 

Furthermore, the recording and reproducing device described above 
includes a reproduction signal processing circuit 12 for processing a 
waveform of a reproduction signal based on light reflected from the optical 
disk 1 as a reproducing part for reproducing information from the optical 
disk 1, an edge timing detecting circuit 13 for detecting edge timing of a 
reproduction signal, a demodulating circuit 15 for obtaining reproduction 
information, a bit error rate (abbreviated as BER in the figure) measuring 
circuit, and a judging circuit 16 for judging a value of a bit error rate. 

Hereinafter, the operation of the recording and reproducing device 
of this embodiment will be described with reference to a flow chart shown in 
FIG. 2 and an operational diagram shown in FIG. 3. 

FIG. 2 is a flow chart showing the operation of this embodiment. 
FIG. 3 is a diagram for explaining the operation for determining a correction 
amount of a front-end pulse edge position according to a combination of a 
preceding space length 5T and a self mark length 3T (namely, one of 
elements in the combination tables) as an example of a part of this 
embodiment, where a reference character T denotes a channel clock period. 
FIGs. 3 (a), 3 (b), 3 (c), 3 (d), and 3 (e) are diagrams showing a waveform of 
test pattern signals for determining a recording pulse edge position (a 
recording data signal), a waveform of a recording pulse for driving the laser, 
a state of a track 307 after the test pattern signals for determining a 
recording pulse edge position are recorded thereon, a waveform of a 
reproduction signal when the track is reproduced, and a waveform of a 
binary signal of the reproduction signal, respectively. In FIG. 3, reference 
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characters "M" appended to 3T and 10T, "S" appended to 5T and 10T, "FEP", 
and "BEP" denote a mark, a space, a front-end pulse edge position, and a 
back-end pulse edge position, respectively. 

In a test recording, initially, according to a seeking operation step 
Step 201 (hereinafter, steps are abbreviated as, for example, S201), the 
optical head 10 seeks a predetermined test track on the optical disk 1 based 
on a command from the system controlling circuit 2. According to an edge 
position setting step S202, the system controlling circuit 2 sets initial values 
of a front-end pulse edge position and a back-end pulse edge position (namely, 
values that have been retained in the recording and reproducing device) with 
respect to the recording pulse edge adjusting circuit 8 and, according to a 
power setting step S203, recording power with respect to the laser-driving 
circuit 9. 

Then, according to a random pattern signal transmitting step S204, 
the selecting circuit 6 is switched so that a random pattern signal from the 
random pattern signal generating circuit 3 is transmitted to the recording 
signal generating circuit 7 as a recording data signal. 

In a recording operation step S205, the recording signal generating 
circuit 7 detects how many multiples of a channel clock period T a signal 
inverting interval of the recording data signal is equivalent to and generates 
a predetermined number of recording pulse trains with a predetermined 
width at a predetermined timing according to length of a recording mark. 
Then, in the recording pulse edge adjusting circuit 8, a front-end pulse edge 
position and a back-end pulse edge position of the respective recording pulse 
trains are adjusted to set values, respectively. The laser-driving circuit 9 
modulates a current for driving the laser as a light source according to a 
recording pulse and performs recording on a corresponding track. On the 
track, a mark is recorded according to a waveform of the random pattern 
signal. 

After the random pattern signal is recorded, according to a 
reproducing operation step S206, the optical head 10 reproduces the 
corresponding track, and the reproduction signal processing circuit 12 
equalizes a reproduction signal and converts it to a binary signal. 
According to a BER measuring step S207, the bit error rate measuring 
circuit 14 compares a pattern of a test signal with a reproduced data pattern 
based on a waveform of the binary signal and measures a bit error rate. 

Then, according to a BER judging step S208, in the judging circuit 
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16, the bit error rate and a BER prescribed value are judged by comparison, 
and information indicating a result of the judgment is transmitted to the 
system controlling circuit 2. The BER prescribed value defines a value of a 
bit error rate of reproduced information at a usable level. The value is 
determined in consideration of a recording margin of a recording and 
reproducing device and an optical disk, or the like. 

When the value as a result of the measurement is lower than the 
BER prescribed value, the test recording is ended. Thus, unnecessary steps 
of a test recording are eliminated when edge positions prerecorded on an 
optical disk are optimum. Therefore, when a disk is introduced in a 
recording and reproducing device in which the disk has been introduced 
before or when the disk is introduced in another recording and reproducing 
device having equivalent performance to that of the recording and 
reproducing device in which the disk has been introduced before, the time for 
a test recording can be reduced. 

When the value as a result of the measurement is higher than the 
BER prescribed value, for correction of the front-end pulse edge position and 
the back-end pulse edge position, the following steps are performed. 

According to a test pattern signal transmitting step S209, the 
selecting circuit 6 is switched so that test pattern signals for determining a 
recording pulse edge position from the test pattern signal generating circuit 
4 are transmitted to the recording signal generating circuit 7. The test 
pattern signals for determining a recording pulse edge position are recording 
data signals having a certain period of time corresponding to adjustment of 
each element in the combination tables. The signal has a waveform shown 
in FIG. 3 (a). 

According to a recording operation step S210, the recording signal 
generating circuit 7 converts the recording data signal to recording pulse 
trains. The laser- driving circuit 9 performs a test recording with respect to 
a corresponding track in such a manner that a current for driving the laser is 
modulated based on recording pulse trains shown in FIG. 3 (b). The track is 
brought into a state shown in FIG. 3 (c) after the recording. 

After the test pattern signals for determining a recording pulse edge 
position is recorded, according to a reproducing operation step S211, the 
optical head 10 reproduces the corresponding track. The waveform of a 
reproduction signal is in a state shown in FIG. 3 (d). The reproduction 
signal processing circuit 12 equalizes the reproduction signal and converts it 
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to a binary signal. The waveform after the conversion to the binary signal 
is in a state shown in FIG. 3 (e). Then, according to a timing measuring 
step S212, the edge timing detecting circuit 13 slices the binary signal, 
detects a signal inverting interval, and thereby measures a recording mark 
edge interval. In the example shown in FIG. 3, an interval x of rising 
timing of the binary signal shown in FIG. 3 (e) is measured. The value of a 
recording mark edge interval as a result of the measurement is accumulated 
in the edge interval accumulating memory 2b in the system controlling 
circuit 2. The system controlling circuit 2 calculates an average of values 
accumulated in the memory that are obtained by measuring mark edge 
intervals. 

According to a difference calculating step S213, differences (namely, 
a shift amount of a mark edge) between an average of values of mark edge 
intervals and edge intervals of the test pattern signals for determining a 
recording pulse edge position (namely, signal inverting intervals of the test 
pattern signals for determining a recording pulse edge position) are 
determined. In the example shown in FIG. 3, a difference between 15T as 
an ideal signal inverting interval and the interval x is calculated. 
According to a difference judging step S214, it is judged whether the 
difference is smaller than a fixed value. As the fixed value in this case, for 
example, the unit time for adjusting a front-end pulse edge position or a 
back-end pulse edge position (namely, an adjusting step) in the recording 
pulse edge adjusting circuit 8 is used. 

When the difference is lager than the fixed value, according to an 
edge position resetting step S215, a front-end pulse edge position or a 
back-end pulse edge position is determined based on the above difference, 
and the edge position thus determined is set with respect to the recording 
pulse edge adjusting circuit 8. In the example shown in FIG. 3, a leading 
edge position of a recording pulse 301 with a period of 3T is determined (in 
the example, each recording pulse with a period of 3T is recorded as a single 
pulse by overlapping a front-end pulse and a back-end pulse). Then, the 
steps after the step S209 are repeated. 

When the difference is smaller than the fixed value, the front-end 
pulse edge position or the back-end pulse edge position set in the recording 
pulse edge adjusting circuit 8 is a position closest to a desired position. 
Therefore, according to an edge position registering step S216, the system 
controlling circuit 2 registers the edge position that has been set (in the 
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example shown in FIG. 3, the element of a preceding space length 5T and a 
self mark length 3T for a front-end pulse edge position in the combination 
tables) as edge position information with respect to the table registering 
memory 2a in the system controlling circuit 2, and the test recording with 
respect to the element in the combination tables is thus ended. According to 
a test pattern switching step S218, after switching to test pattern signals for 
determining a recording pulse edge position corresponding to an element in 
the combination tables to be used next, the steps after the step S209 are 
repeated. According to a table element judging step S217, it is judged 
whether the steps S209 to S218 have been repeated with respect to all the 
elements in the combination tables. When setting and registration of edge 
positions are completed with respect to all the elements, the test recording is 
ended. 

Hereafter, in actual recording of an information signal, the selecting 
circuit 6 is switched so as to be connected to the modulation circuit 5, and 
based on an information signal after passing through the modulation circuit 
5, a recording pulse is generated. Then, recording is performed according to 
the front-end pulse edge position and the back-end pulse edge position set in 
the recording pulse edge adjusting circuit 8, whereby a recording mark can 
be formed in an ideal position. 

This method is employed with the following in mind. When a 
random pattern signal is recorded, it is not easy to find out an element on the 
tables that requires correction of an edge position and how much correction 
is needed for the element by a value of a bit error rate alone. On the other 
hand, when test pattern signals for determining a recording pulse edge 
position having a certain period of time are recorded, it is not until shift 
amounts of edge positions with respect to all test pattern signals are 
measured that it can be found out whether an information signal actually 
can be recorded with accuracy. 

That is, since random pattern signals include signals of 
substantially all patterns based on the modulation rules, it is difficult to 
determine a shift amount of a recording mark edge with respect to a certain 
combination of a self mark length and a preceding space length or a following 
space length, while it can be found easily whether information actually can 
be recorded with accuracy by measuring a jitter or a bit error rate. In 
contrast to this, when a test recording is performed using a test pattern 
having a certain period of time, optimum values of a front-end pulse edge 
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position and a back-end pulse edge position can be found out through a shift 
amount of a recording mark edge determined by measuring a reproduction 
signal, while it is not until a sequence of test patterns is recorded to measure 
shift amounts of recording mark edges with respect to all the elements in the 
combination tables that it can be found out whether information actually can 
be recorded with accuracy. 

As described above, in this embodiment, a random pattern is 
recorded initially, and only when a bit error rate of reproduced information 
has a value higher than a fixed value, a test recording is performed based on 
test pattern signals for determining a recording pulse edge position. Thus, 
when initial values of a front-end pulse edge position and a back-end pulse 
edge position retained in a recording and reproducing device are optimum, 
unnecessary steps of a test recording are eliminated. Therefore, when an 
optical disk is introduced in a recording and reproducing device in which the 
disk has been introduced before or when the optical disk is introduced in 
another recording and reproducing device having equivalent performance to 
that of the recording and reproducing device in which the disk has been 
introduced before, the time for a test recording can be reduced. In many 
cases, however, each individual recording and reproducing device uses the 
same given optical disk highly frequently. Hence, employing this 
embodiment can provide a considerable effect of allowing the time for a test 
recording to be reduced. 

Incidentally, in this embodiment, preferably, information indicating 
a front-end pulse edge position and a back-end pulse edge position is 
prerecorded on a predetermined track such as a disk managing region on the 
optical disk 1, and prior to a test recording, the track is reproduced. Based 
on the information reproduced by the system controlling circuit 2, initial 
values of the front-end pulse edge position and the back-end pulse edge 
position are set. This method allows initial values to be set based on 
information on a front-end pulse edge position and a back-end pulse edge 
position with respect to each individual optical disk, whereby the time 
required for a test recording further can be reduced. 

Furthermore, in this embodiment, preferably, the front-end pulse 
edge position and the back-end pulse edge position that are determined after 
the test recording are re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1. According to this method, the next 
time this optical disk is introduced, the front-end pulse edge position and the 
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back-end pulse edge position that have been determined already can be used 
as initial values, whereby the time to be required for a test recording can be 
reduced. 

Furthermore, in this embodiment, preferably information 
indicating recording power is recorded on a predetermined track such as the 
disk managing region on the optical disk 1, and prior to a test recording, the 
track is reproduced. Based on the information reproduced by the system 
controlling circuit 2, an initial value of the recording power is set. This 
method allows an initial value to be set based on information on recording 
power with respect to each individual optical disk, whereby the time 
required for a test recording for determining recording power further can be 
reduced. 

As for transmission of a random pattern signal, the configuration 
where the system controlling circuit 2 retains random recording information 
and the recording information is modulated in the modulation circuit 5 
allows the random pattern signal generating circuit 3 to be omitted, and thus 
is more preferable in that a configuration of a recording and reproducing 
device can be simplified. As an alternative, the configuration where 
random recording information is transmitted from an external device (such 
as a computer) connected to the recording and reproducing device of the 
invention to the system controlling circuit 2 and the recording information is 
modulated in the modulation circuit 5 also can provide the same effect. 
Second Embodiment 

Hereinafter, a second embodiment of the present invention will be 
described. In this embodiment, a random pattern is recorded initially, and 
only when a bit error rate of reproduced information has a value higher than 
a predetermined value, a test recording is performed based on test pattern 
signals for determining recording power (second test pattern signals). Thus, 
when an initial value of the recording power is optimum, unnecessary steps 
of a test recording are eliminated. 

FIG. 4 is a block diagram schematically showing the configuration 
of a recording and reproducing device (an optical information recording 
device) for realizing the second embodiment as described above. The 
recording and reproducing device of this embodiment has the same 
configuration as that of the first embodiment shown in FIG. 1 except that a 
recording power registering memory 401a for registering a determined 
recording power is provided in a system controlling circuit 401 in place of the 
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table registering memory 2a and the edge interval accumulating memory 2b 
and that the edge timing detecting circuit 13 is not provided. With 
reference to a flow chart shown in FIG. 5, the operation of the recording and 
reproducing device of this embodiment controlled by the system controlling 
circuit 401 will be described in the following. 

In a test recording, initially according to a seeking operation step 
S50L an optical head 10 seeks a predetermined test track on an optical disk 
1 based on a command from the system controlling circuit 401. According to 
an edge position setting step S502, the system controlling circuit 401 sets 
initial values of a front-end pulse edge position and a back-end pulse edge 
position (namely values that have been retained in the recording and 
reproducing device) with respect to a recording pulse edge adjusting circuit 8 
and, according to a power setting step S503, an initial value of recording 
power with respect to a laser-driving circuit 9. Then, according to a random 
pattern signal transmitting step S504, a selecting circuit 6 is switched so 
that a random pattern signal from a random pattern signal generating 
circuit 3 is transmitted to a recording signal generating circuit 7 as a 
recording signal. 

According to a recording operation step S505, the recording signal 
generating circuit 7 detects how many multiples of a channel clock period T a 
signal inverting interval of the recording data signal is equivalent to and 
generates a predetermined number of recording pulse trains with a 
predetermined width at predetermined timing according to length of a 
recording mark. Then, in the recording pulse edge adjusting circuit 8, edge 
positions of a front-end pulse and a back-end pulse of the respective 
recording pulse trains are adjusted to set values, respectively The 
laser-driving circuit 9 modulates a current for driving a laser as a light 
source according to a recording pulse and performs a recording on a 
corresponding track. On the track, a mark is recorded according to a 
waveform of the random pattern signal. 

After the random pattern signal is recorded, according to a 
reproducing operation step S506, the optical head 10 reproduces the 
corresponding track, and a reproduction signal processing circuit 12 
equalizes a reproduction signal and converts it to a binary signal. 
According to a BER measuring step S507, a bit error rate measuring circuit 
14 compares a pattern of a test signal and a reproduced data pattern based 
on a waveform of the binary signal and measures a bit error rate. 
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Then, according to a BER judging step S508, in a judging circuit 16, 
the bit error rate and a BER prescribed value are judged by comparison, and 
information indicating a result of the judgment is transmitted to the system 
controlling circuit 401. The BER prescribed value defines a value of a bit 
error rate of reproduced information at a usable level. The value is 
determined in consideration of a recording margin of a recording and 
reproducing device and an optical disk, or the like. 

When a value as a result of the measurement is lower than the BER 
prescribed value, the test recording is ended. Thus, unnecessary steps of a 
test recording are eliminated when edge positions prerecorded on an optical 
disk are optimum. Therefore, when a disk is introduced in a recording and 
reproducing device in which the disk has been introduced before or when the 
disk is introduced in another recording and reproducing device having 
equivalent performance to that of the recording and reproducing device in 
which the disk has been introduced before, the time for a test recording can 
be reduced. The steps described thus far are the same as those of the first 
embodiment. 

When the value as a result of the measurement is higher than the 
BER prescribed value, the following steps for redetermining recording power 
are employed. In the steps, a test signal for determining recording power is 
recorded in such a manner that recording power is changed from low to high, 
and recording power is determined by determining a threshold value that 
defines a value of BER of the reproduced test signal being lower than a fixed 
value. Hereinafter, test recording steps for determining recording power 
will be described specifically. 

According to a power setting step S509, the system controlling 
circuit 401 sends a command for setting recording power to the minimum 
value in a power adjustment range to the laser-driving circuit 9. According 
to a test pattern signal transmitting step S510, the selecting circuit 6 is 
switched so that test pattern signals for determining recording power from a 
test pattern signal generating circuit 4 are transmitted to the recording 
signal generating circuit 7 as a recording data signal. 

According to a recording operation step S511, the recording signal 
generating circuit 7 converts the recording data signal to recording pulse 
trains. The laser-driving circuit 9 performs a test recording with respect to 
a corresponding track in such a manner that a current for driving the laser is 
modulated based on the recording pulse trains after passing through the 
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recording pulse edge adjusting circuit 8. 

After the test pattern signals for determining recording power are 
recorded, according to a reproducing operation step S512, the optical head 10 
reproduces the corresponding track. The reproduction signal processing 
circuit 12 equalizes a reproduction signal and converts it to a binary signal. 
Then, according to a BER measuring step S513, the bit error rate measuring 
circuit 14 compares a pattern of a test signal with a reproduced data pattern 
based on a waveform of the binary signal and measures a bit error rate. 

Then, according to a threshold value judging step S514, in the 
judging circuit 16, the bit error rate and a BER threshold value are judged by 
comparison, and information indicating a result of the judgment is 
transmitted to the system controlling circuit 401. The BER threshold value 
defines a value as a reference for calculating optimum recording power. The 
value is determined in consideration of a recording margin of a recording and 
reproducing device and an optical disk, or the like. 

When a value of the BER is higher than the threshold value, 
according to a recording power resetting step S515, the system controlling 
circuit 401 sets the recording power increased by a predetermined amount 
with respect to the laser-driving circuit 9. Then, the steps after the step 
S510 are repeated. 

When the value of the BER is lower than the threshold value, 
according to a recording power calculating step S516, the system controlling 
circuit 401 calculates optimum recording power through the recording power 
that has been set. Generally, for the calculation, a method is employed in 
which optimum recording power is determined by multiplying recording 
power having a BER value lower than the threshold level by a fixed value. 
Then, the optimum recording power is registered on the recording power 
registering memory 401a in the system controlling circuit 401 as recording 
power information, and the test recording with respect to recording power is 
thus ended. 

Hereafter, in the actual recording of an information signal, the 
selecting circuit 6 is switched so as to be connected to a modulation circuit 5, 
and based on an information signal after passing through the modulation 
circuit 5, a recording pulse is generated. Recording is performed based on 
the recording power registered on the recording power registering memory 
401a and according to the recording power set with respect to the 
laser-driving circuit 9 by the system controlling circuit 401, whereby 
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information can be recorded with an ideal recording power. 

As described above, in this embodiment, a random pattern is 
recorded initially; and only when a bit error rate of reproduced information 
has a value higher than a fixed value, a test recording is performed based on 
test pattern signals for determining recording power. Thus, when an initial 
value of recording power retained in a recording and reproducing device is 
optimum, unnecessary steps of a test recording are eliminated. Therefore, 
when an optical disk is introduced in a recording and reproducing device in 
which the optical disk has been introduced before or when the optical disk is 
introduced in another recording and reproducing device having equivalent 
performance to that of the recording and reproducing device in which the 
optical disk has been introduced before, the time for a test recording can be 
reduced. In many cases, however, each individual recording and 
reproducing device uses the same given optical disk highly frequently. 
Hence, employing this embodiment can provide a considerable effect of 
allowing the time for a test recording to be reduced. 

Furthermore, in this embodiment, preferably, information 
indicating a front-end pulse edge position and a back-end pulse edge position 
is prerecorded on a predetermined track such as a disk managing region on 
the optical disk 1, and prior to a test recording, the track is reproduced. 
Based on the information reproduced by the system controlling circuit 401, 
initial values of the front-end pulse edge position and the back-end pulse 
edge position are set. This method allows initial values to be set based on 
information on a front-end pulse edge position and a back-end pulse edge 
position with respect to each individual optical disk. Hence, a test 
recording for determining recording power can be performed with an edge 
position having a value closer to an optimum value than an initial value of 
edge position information retained in a recording and reproducing device. 
Therefore, errors caused during the recording power calculation due to a 
shift of a front-end pulse edge position and a back-end pulse edge position 
from optimum values can be reduced. 

Furthermore, in this embodiment, preferably, information 
indicating recording power is prerecorded on a predetermined track such as 
the disk managing region on the optical disk 1, and prior to a test recording, 
the track is reproduced. Based on the information reproduced by the 
system controlling circuit 401, an initial value of the recording power is set. 
This method allows an initial value to be set based on information on 
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recording power with respect to each individual optical disk, whereby the 
time required for a test recording for determining recording power further 
can be reduced. 

Furthermore, in this embodiment, preferably, the recording power 
5 determined after the test recording is re-recorded on a predetermined track 
such as the disk managing region on the optical disk 1. According to this 
method, the next time this optical disk is introduced, the recording power 
that has been determined already can be used as an initial value, whereby 
the time to be required for a test recording can be reduced. 
10 As for transmission of a random pattern signal, the configuration 

where the system controlling circuit 401 retains random recording 
information and the recording information is modulated in the modulation 
q circuit 5 allows the random pattern signal generating circuit 3 to be omitted, 
tf? and thus is more preferable in that a configuration of a recording and 
7yi 15 reproducing device can be simplified. As an alternative, the configuration 
IP where random recording information is transmitted from an external device 
|| (such as a computer) connected to the recording and reproducing device of 
m the invention to the system controlling circuit 401 and the recording 
^ information is modulated in the modulation circuit 5 also can provide the 

1520 same effect. 
hh Third Embodiment 

pf Hereinafter, a third embodiment of the present invention will be 

described. FIG. 6 is a block diagram schematically showing the 
configuration of a recording and reproducing device (an optical information 

25 recording device) for realizing the third embodiment. The recording and 

reproducing device of this embodiment has the same configuration as that of 
the first embodiment shown in FIG. 1 except that a tentative corrected value 
memory 601a is provided in a system controlling circuit 601 and that a BER 
comparing circuit 602 including a BER interim value memory 602a and a 

30 comparator 602b is provided in place of the judging circuit. With reference 
to a flow chart shown in FIG. 7, the operation of the recording and 
reproducing device of this embodiment controlled by the system controlling 
circuit 601 will be described in the following. 

In a test recording, initially, according to a first test recording 

35 operation step S701, a front-end pulse edge position and a back-end pulse 
edge position are determined by the method described in the first 
embodiment, and the determined edge positions are set with respect to a 
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recording pulse edge adjusting circuit 8. The steps described thus far are 
the same as the steps S201 to S218 of the first embodiment. At the time of 
completion of the step S701 ? the correction of edge positions using a test 
pattern is optimum with respect to a certain combination of a mark length 
and a space length included in the test pattern. 

However, actual information signals are composed of signals of 
various patterns based on modulation rules (namely, signals substantially 
equivalent to a random pattern), and it has been found that, in some cases, 
they may have edge positions slightly shifted from edge positions determined 
by a test pattern. Hereinafter, this will be described specifically with 
reference to FIG. 3. 

In the case shown in FIG. 3, edge positions of the 3T recording pulse 
301 in a combination of a 5T space and a 3T mark (in the example, each 
recording pulse with a period of 3T is recorded as a single pulse by 
overlapping a front-end pulse and a back-end pulse) are corrected only in the 
case of a certain mark * space arrangement of a 10T space, a 10T mark, a 5T 
space, a 3T mark, a 5T space, a 10T mark (continued). In an actual 
information signal, however, all mark • space arrangements based on the 
modulation rules may exist. For example, with respect to a 3T mark with 
edge positions being corrected, a mark 303 preceding the 3T mark 302 and a 
mark 304 following the 3T mark 302 may have a period other than 10T, and 
a space 305 following the 3T mark 302 may have a period other than 5T. 
The variations of the marks 303 and 304 and the space 305 lead to slight 
variations in thermal influence given to the 3T mark 302 itself. As a result, 
an optimum front-end pulse edge position in an actual information signal 
may be different from an edge position determined by a test pattern. In 
order to adjust a front-end pulse edge position and a back-end pulse edge 
position so as to conform to an actual information signal, the following steps 
are performed. 

According to a random pattern signal transmitting step S702, a 
selecting circuit 6 is switched so that a random pattern signal from a random 
pattern signal generating circuit 3 is transmitted to a recording signal 
generating circuit 7 as a recording data signal. 

According to a recording operation step S703, the recording signal 
generating circuit 7 detects how many multiples of a channel clock period T a 
signal inverting interval of the recording data signal is equivalent to and 
generates a predetermined number of recording pulse trains with a 
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predetermined width at predetermined timing according to the length of a 
recording mark. In the recording pulse edge adjusting circuit 8, a front-end 
pulse edge position and a back-end pulse edge position of the respective 
recording pulse trains are adjusted to set values, respectively. A 
laser-driving circuit 9 modulates a current for driving a laser as a light 
source according to the recording pulse trains and performs recording on a 
corresponding track. 

After the random pattern signal is recorded, according to a 
reproducing operation step S704, an optical head 10 reproduces the 
corresponding track, and a reproduction signal processing circuit 12 
equalizes a reproduction signal and converts it to a binary signal. 
According to a BER measuring step S705, a bit error rate measuring circuit 
14 compares a pattern of a test signal with a reproduced data pattern and 
measures a bit error rate. Then, according to a BER interim value storing 
step S706, a value of the bit error rate as a result of the measurement is 
stored as an interim value in the BER interim value memory 602a in the 
BER comparing circuit 602. 

Next, according to an edge position changing step S707, with respect 
to an element in the combination tables composed of combinations of a mark 
length and a preceding and following space lengths, a front-end pulse edge 
position or a back-end pulse edge position is changed, and the changed edge 
position is set with respect to the recording pulse edge adjusting circuit 8. 

According to a random pattern signal transmitting step S708, the 
selecting circuit 6 is switched so that a random pattern signal from the 
random pattern signal generating circuit 3 is transmitted to the recording 
signal generating circuit 7 as a recording data signal. According to a 
recording operation step S709, the laser as a light source is driven based on 
the recording data signal in the same manner as described above, and 
recording is performed on a corresponding track. 

After the recording, according to a reproducing operation step S710, 
the optical head 10 reproduces the corresponding track and performs 
reproduction signal processing. According to a BER measuring step S711, a 
bit error rate is measured. 

According to a BER judging step S712, in the comparer 602b in the 
BER comparing circuit 602, it is judged whether a value of the bit error rate 
as a result of the measurement is lower than the interim value in the BER 
interim value memory 602a stored in the step S706. When the value of the 
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bit error rate is lower than the interim value, a front-end pulse edge position 
(or a back-end pulse edge position) after being changed is more suitable for 
recording of an actual information signal (equivalent to a random pattern 
signal) than an edge position before being changed. Thus, according to a 
tentative corrected value storing step S713, the front-end pulse edge position 
(or the back-end pulse edge position) is recorded as a tentative corrected 
value on the tentative corrected value memory 601a in the system 
controlling circuit 601. Further, according to a BER interim value storing 
step S714, the value of the bit error rate as a result of the measurement is 
stored as a new interim value in the BER interim value memory 602a in 
place of the interim value stored in the step S707. When the value of the bit 
error rate as a result of the measurement is higher than the interim value, 
the steps S713 and S714 are not performed. 

According to a fine -adjustment range judging step S715, the steps 
S707 to S714 are repeated in such a manner that a front-end pulse edge 
position (or a back-end pulse edge position) is changed within an adjustment 
range of a corresponding element. After all the values in the adjustment 
range are tested, according to an edge position registering step S716, the 
tentative corrected value stored in the tentative corrected value memory 
601a in the step S713 is determined as a new front-end pulse edge position 
(or a back-end pulse edge position) and registered on a table registering 
memory 2a in the system controlling circuit 601. This equates to setting the 
front-end pulse edge position (or the back-end pulse edge position) of the 
corresponding element so that a bit error rate has a minimum value. The 
bit error rate stored in the step S714 is retained. Then, according to a table 
element switching step S718, the object of edge position change is switched 
to another element in the tables, and the steps S708 to S716 are repeated 
likewise. Then, according to a table element judging step S717, it is judged 
whether adjustment of a front-end pulse edge position (or back-end pulse 
edge position) is performed with respect to all the elements in the tables. 
When adjustment and registration of a front-end pulse edge position and a 
back-end pulse edge position with respect to all the elements in the table are 
completed, the test recording is ended. 

Hereafter, in the actual recording of an information signal, the 
selecting circuit 6 is switched so as to be connected to a modulation circuit 5, 
and based on an information signal after passing through the modulation 
circuit 5, a recording pulse is generated. Recording is performed based on 
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the front-end pulse edge position and the back-end pulse edge position set in 
the recording pulse edge adjusting circuit 8, whereby a recording mark can 
be recorded in an ideal edge position. 

As described above, in this embodiment, after a front-end pulse edge 
position and a back-end pulse edge position are determined in such a manner 
that a test pattern is recorded, and a random pattern signal is further 
recorded to correct the front-end pulse edge position and the back-end pulse 
edge position. This allows edge positions to be set so that they conform to 
an actual information signal, whereby an information signal can be recorded 
with increased accuracy. 

Although in this embodiment, after the first test recording operation 
step S701, a random pattern signal is always recorded for adjustment of an 
edge position after the step S707, the following also may be possible. After 
the BER measuring step S705, the BER comparing circuit 602 judges a bit 
error rate with a BER prescribed value by comparison, and information 
indicating a result of the judgment is transmitted to the system controlling 
circuit 601. It is thus judged whether the steps after the step S707 should 
be performed. The BER prescribed value defines a value of a bit error rate 
of reproduced information at a usable level. The value is determined in 
consideration of a recording margin of a recording and reproducing device 
and an optical disk, or the like. Based on a result of the judgment, when the 
value as a result of measurement is lower than the BER prescribed value, a 
test recording is ended. According to this method, when a value of the BER 
after completing the first test recording operation step S701 is sufficiently 
low, the steps after the step S707 can be omitted, whereby the time required 
for a test recording can be reduced. 

Furthermore, in this embodiment, instead of performing the first 
test recording operation step S701, the following also may be possible. 
Information indicating a front-end pulse edge position and a back-end pulse 
edge position is prerecorded on a predetermined track such as a disk 
managing region on an optical disk 1, and prior to a test recording, the track 
is reproduced. Based on the information reproduced by the system 
controlling circuit 601, initial values used in the case where a front-end pulse 
edge position and a back-end pulse edge position are corrected after the step 
S702 are given to the recording pulse edge adjusting circuit 8. According to 
this method, when information on a front-end pulse edge position and a 
back-end pulse edge position with respect to each individual optical disk is 
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comparatively close to optimum values (that is, when there are few 
variations in a recording and reproducing device), steps of a test recording 
using a first test pattern can be omitted, whereby the time required for a test 
recording further can be reduced. 

Furthermore, in this embodiment, preferably, the front-end pulse 
edge position and the back-end pulse edge position that are determined after 
the test recording are re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1. According to this method, the next 
time this optical disk is introduced, the front-end pulse edge position and the 
back-end pulse edge position that have been determined already can be used 
as initial values, whereby the time to be required for a test recording can be 
reduced. 

Furthermore, adjustment does not necessarily have to be performed 
with respect to all the elements in the combination tables, where a front-end 
pulse edge position and a back-end pulse edge position are adjusted in such a 
manner that a random pattern is recorded. For example, a front-end pulse 
edge position according to an element in a combination table determined by a 
combination of a mark and a short preceding space is particularly 
susceptible to thermal interference caused during recording of a preceding 
mark. Further, a back-end pulse edge position according to an element in a 
combination table determined by a combination of a mark and a short 
following space is particularly susceptible to thermal interference caused 
during recording of a following mark. Therefore, even adjustment 
performed only with respect to these elements as a part, where a front-end 
pulse edge position or a back-end pulse edge position is adjusted in such a 
manner that a random pattern is recorded, can provide an effect of allowing 
edge positions to be set so that they conform to an actual information signal. 

Furthermore, this embodiment may be used as a method for 
adjusting a front-end pulse edge position and/or a back-end pulse edge 
position with respect to a plurality of elements at a time. However, when 
the plurality of elements are adjusted at a time, the number of combinations 
for adjustment is increased. Thus, the following method is more preferable 
in that the time required for a test recording can be reduced. A front-end 
pulse edge position or a back-end pulse edge position is adjusted with respect 
to each element in the combination tables by changing the front-end pulse 
edge position or the back-end pulse edge position within a given range. 
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Fourth Embodiment 

FIG. 8 is a block diagram schematically showing the configuration 
of a recording and reproducing device (an optical information recording 
device) according to a fourth embodiment of the present invention. The 
recording and reproducing device of this embodiment has the same 
configuration as that of the first embodiment shown in FIG. 1 except for the 
following. The random pattern signal generating circuit 3 is not provided. 
In a system controlling circuit 801, a pulse width registering memory 801a 
and a tentative corrected value memory 801b are provided. A recording 
pulse width adjusting circuit 802 is provided to follow a recording signal 
generating circuit 7. A jitter measuring circuit 803 is used in place of the 
BER measuring circuit 14. A jitter comparing circuit 804 including a jitter 
interim value memory 804a and a comparer 804b is provided in place of the 
judging circuit. 

In the conventional test recording, edge positions are adjusted with 
a front-end pulse width and a back-end pulse width unadjusted. However, 
it has been found that, in some cases, front and back parts of a recording 
mark may be distorted asymmetrically with each other depending on a disk 
even when recorded in the same firont-end pulse width and the same 
back-end pulse width due to variations in thermal characteristics of the disk. 
Hereinafter, this will be described specifically with reference to FIG. 9. 

FIG. 9 is a diagram showing the relationship between a recording 
pulse waveform and a recording mark in the conventional methods for 
recording and reproduction. FIG. 9 (a) illustrates a recording pulse 
waveform, and FIG.9 (b) illustrates a recording mark 904 on a track when 
recorded in an optimum mark shape. FIGs. 9 (c) and 9 (d) illustrate 
recording marks 905 and 906 on a track when recorded in distorted shapes, 
respectively. 

In order to record a mark in the shape of the mark 904 shown in FIG. 
9 (b), conventionally, a method has been employed in which the width of a 
front-end pulse 901 in a recording pulse train 903 is made wide and the 
widths of an intermediate pulse and a back-end pulse 902 are made narrow. 
However, a pulse width that causes a mark shape not to be distorted varies 
depending on thermal characteristics of a disk. Therefore, when recording 
is performed in the same front-end pulse width 901 and the back-end pulse 
width 902 irrespective of a type of a disk that is used, distortion of a recorded 
mark occurs differently depending on the disk. For example, when 



38 



recording is performed on a disk having high heat conductivity in a track 
direction, a back part of the mark 905 becomes large as shown in FIG. 9 (c). 
On the other hand, when recording is performed on a disk having low heat 
conductivity in a track direction, a front part of the mark 906 becomes large 
as shown in FIG. 9 (d). A disk on which a mark is recorded in a 
largely-distorted shape as shown in FIGs. 9 (c) and 9 (d) leads to increased 
jitters of a reproduction signal. In order to avoid this, the following method 
is employed in this embodiment. 

Hereinafter, the operation of the recording and reproducing device 
of this embodiment controlled by the system controlling circuit 801 will be 
described with reference to a flow chart shown in FIG. 10. 

In a test recording, initially, according to a seeking operation step 
S1001, an optical head 10 seeks a predetermined test track on an optical disk 
1. According to a power setting operation S1002, the system controlling 
circuit 801 sets recording power with respect to a laser-driving circuit 9 and, 
according to a pulse width setting operation S1003, initial values of a 
front-end pulse width and a back-end pulse width (namely, values that have 
been retained in the recording and reproducing device) with respect to the 
recording pulse width adjusting circuit 802. According to an edge position 
setting step S1004, the system controlling circuit 801 sets initial values of 
edge positions with respect to a recording pulse edge adjusting circuit 8. 
Next, according to a test pattern signal transmitting step S1005, a test 
pattern signal generating circuit 4 generates test pattern signals for 
determining a pulse width (third test pattern signals) and transmits them to 
the recording signal generating circuit 7 as recording data signals. It is 
preferable that the test pattern signals for determining a pulse width be 
single-period pattern signals in that a recording pulse width can be 
determined without being affected by jitters increased due to shift of a 
front-end pulse edge position and a back-end pulse edge position from 
optimum values. 

According to a recording operation step S1006, the recording signal 
generating circuit 7 detects how many multiples of a channel clock period T a 
signal inverting interval of the recording data signal is equivalent to and 
generates a predetermined number of recording pulse trains with a 
predetermined width at predetermined timing according to length of a 
recording mark. In the recording pulse width adjusting circuit 802, widths 
of a front-end pulse and a back-end pulse in the recording pulse trains are 
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set to initial values, respectively, and in the recording pulse edge adjusting 
circuit 8, edge positions of the front-end pulse and the back-end pulse in the 
recording pulse trains are set to initial values, respectively. The 
laser-driving circuit 9 modulates a current for driving a laser as a light 
source according to a recording pulse and performs recording on a 
corresponding track. 

After the test pattern signals are recorded, according to a 
reproducing operation step S1007, the optical head 10 reproduces the 
corresponding track, and a reproduction signal processing circuit 12 
equalizes a reproduction signal and converts it to a binary signal. 
According to a jitter measuring step S1008, the jitter measuring circuit 803 
measures a jitter of mark leading edges and a jitter of mark trailing edges of 
the reproduction signal. Then, according to a jitter interim value storing 
step S1009, values of the jitters as results of the measurement are stored as 
interim values in the jitter interim value memory 804a in the jitter 
comparing circuit 804. 

Next, in a pulse width changing step S1010, the system controlling 
circuit 801 changes the width of a front-end pulse and/or a back-end pulse 
and sets a pulse width with respect to the recording pulse width adjusting 
circuit 802. According to a test pattern signal transmitting step S1011, a 
selecting circuit 6 is switched so that test pattern signals for determining a 
pulse width from the test pattern signal generating circuit 4 are transmitted 
to the recording signal generating circuit 7 as recording data signals. 
According to a recording operation step S1012, the laser as a light source is 
driven based on the recording data signal in the same manner as described 
above, and recording is performed on the corresponding track. 

After the recording, according to a reproducing operation step S1013, 
the optical head 10 reproduces the corresponding track, and according to a 
jitter measuring step S1014, a jitter is measured after a reproduction signal 
processing. At this point, according to a jitter judging step S1015, in the 
comparator 804b in the jitter comparing circuit 804, it is judged whether a 
value of the jitter as a result of the measurement is lower than the interim 
value stored in the jitter interim value memory 804a in the step S1009. 
When the value of the jitter is lower than the interim value, a pulse width 
after being changed is more suitable than a pulse width before being changed 
and thus is recorded as a tentative pulse width in the tentative corrected 
value memory 801b in the system controlling circuit 801. Further, 
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according to a jitter interim value storing step S1017, the value of the jitter 
as a result of the measurement is stored as a new interim value in the jitter 
interim value memory 804a in place of the interim value stored in the 
tentative corrected value memory in the step S1007. When the value of the 
jitter is higher than the interim value, the steps S1016 and S1017 are not 
performed. 

The steps S1010 to S1017 are repeated in such a manner that an 
edge position is changed within an adjustment range of a corresponding 
element. According to a set range judging step S1018, it is judged whether 
all the values in the adjustment ranges have been tested. After all the 
values in the adjustment ranges are tested, a tentative value of a pulse width 
stored in the step S1016 is determined as a new pulse width. This equates 
to setting widths of a front-end pulse and a back-end pulse so that jitters are 
minimized with respect to test pattern signals. Hereinafter, this will be 
described specifically with reference to FIG. 11. 

FIG. 11(a) is a diagram showing the relationship between a 
front-end pulse width (FPW) and a jitter of leading edges (LEJ) of a 
reproduction signal. When a width of a front-end pulse is changed as shown 
in FIG. 11(a), a shape of a front part of a recording mark varies, whereby a 
leading edge jitter varies. A decrease in the width of the front-end pulse 
decreases a heat amount given to the front part of the recording mark. This 
leads to distortion in shape of the recording mark with the front part made 
smaller than a back part, thereby increasing increase jitters (that is, the 
front part of the recording mark can not be recorded stably). An increase in 
width of the front-end pulse increases a heat amount given to the front part 
of the recording mark. This leads to distortion in the shape of the recording 
mark with the front part made larger than the back part, thereby increasing 
jitters (that is, this equates to recording of the front part of the recording 
mark with excessive recording power). Therefore, when a width of the 
front-end pulse is adjusted to yl so as to minimize jitters, the shape of the 
front part of the recording mark can be optimized. 

FIG. 11(b) is a diagram showing the relationship between a 
back-end pulse width (LPW) and a jitter of trailing edges (TEJ) of a 
reproduction signal. When a width of a back-end pulse is adjusted to y2 so 
as to minimize jitters in the same manner as in the case of the front-end 
pulse, a shape of a back part of a recording mark can be optimized. As 
described above, measuring a leading edge jitter and a trailing edge jitter of 
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a reproduction signal allows the influence of widths of a front-end pulse and 
a back-end pulse to be measured substantially independently. This is more 
preferable in that each pulse width can be determined easily. 

After the foregoing step, according to a first test recording operation 
step S1020, a front-end pulse edge position and a back-end pulse edge 
position are set by the method described in the first embodiment and 
registered. These are the same steps as the steps S201 to S218 of the first 
embodiment. The test recording is thus ended. 

Hereafter, in the actual recording of an information signal, 
recording is performed according to the front-end pulse width and the 
back-end pulse width set in the recording pulse width adjusting circuit 802 
and the front-end pulse edge position and the back-end pulse edge position 
set in the recording pulse edge adjusting circuit 8, whereby in actual 
recording of an information signal, a recording mark free from distortion can 
be formed in an ideal edge position. 

As described above, in this embodiment, prior to determination of 
an edge position of a recording pulse by recording of a test pattern, a test 
pattern is recorded to adjust a front-end pulse width and a back-end pulse 
width. This allows a recording pulse width to be set so that it corresponds 
to differences in thermal characteristics of each optical disk, whereby an 
information signal can be recorded with increased accuracy. 

Furthermore, in this embodiment, preferably, information 
indicating a front-end pulse width and a back-end pulse width is prerecorded 
on a predetermined track such as a disk managing region on the optical disk 
1, and prior to a test recording, the track is reproduced. Based on the 
information reproduced by the system controlling circuit 801, initial values 
of the front-end pulse width and the back-end pulse width are set. This 
method allows initial values to be set based on information on a front-end 
pulse width and a back-end pulse width with respect to each individual 
optical disk, whereby the time required for a test recording further can be 
reduced. 

Furthermore, in this embodiment, preferably, the front-end pulse 
width and the back-end pulse width that are determined after the test 
recording are re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1. According to this method, the next 
time this optical disk is introduced, the front-end pulse width and the 
back-end pulse width that have been determined already can be used as 
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initial values, whereby the time to be required for a test recording can be 
reduced. 

Furthermore, in this embodiment, preferably, information 
indicating a front-end pulse edge position and a back-end pulse edge position 
is prerecorded on a predetermined track such as the disk managing region on 
the optical disk 1, and prior to a test recording, the track is reproduced. 
Based on the information reproduced by the system controlling circuit 801, 
initial values of the front-end pulse edge position and the back-end pulse 
edge position are set. This method allows initial values to be set based on 
information on a front-end pulse edge position and a back-end pulse edge 
position with respect to each individual optical disk, whereby the time 
required for a test recording further can be reduced. 

Furthermore, in this embodiment, preferably, the front-end pulse 
edge position and the back-end pulse edge position that are determined after 
the test recording are re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1. According to this method, the next 
time this optical disk is introduced, the front-end pulse edge position and the 
back-end pulse edge position that have been determined already can be used 
as initial values, whereby the time to be required for a test recording can be 
reduced. 

Incidentally, the following is more preferable in that recording 
power also can be determined optimally- prior to the first embodiment, 
moreover as in the second embodiment, a random pattern signal is recorded 
initially, and only when a bit error rate of reproduced information has a 
value higher than a fixed value, a test recording is performed based on a test 
pattern for determining recording power to determine recording power. At 
this point, more preferably, after the test recording, the determined 
recording power is re-recorded on a predetermined track such as the disk 
managing region on the optical disk 1. According to this method, the next 
time this optical disk is introduced, the recording power that has been 
determined already can be used as an initial value, whereby the time to be 
required for a test recording can be reduced. 

Furthermore, the following is more preferable in that each edge 
position also can be determined optimally: prior to the second embodiment, 
moreover as in the first embodiment, a random pattern signal is recorded 
initially, and only when a bit error rate of reproduced information has a 
value higher than a fixed value, a test recording is performed based on test 
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pattern signals for determining an edge position to determine a front-end 
pulse edge position and a back-end pulse edge position. According to this 
method, the next time this optical disk is introduced, the front-end pulse 
edge position and the back-end pulse edge position that have been 
determined already can be used as initial values, whereby the time to be 
required for a test recording can be reduced. 

Furthermore, the following allows a front-end pulse edge position 
and a back-end pulse edge position to be determined so that they conform to 
an actual information signal, whereby an information signal can be recorded 
with increased accuracy: subsequent to the first embodiment or the second 
embodiment, moreover as in the third embodiment, a random pattern signal 
is recorded and a bit error rate thereof is measured; and a front-end pulse 
edge position and a back-end pulse edge position are determined based on a 
result of the measurement. Moreover, the following is more preferable in 
that an information signal can be recorded according to variations in thermal 
characteristics of each optical disk, thereby providing increased accuracy: 
subsequent to these embodiments, as in the fourth embodiment, test pattern 
signals for determining a pulse width are recorded; and a front-end pulse 
width and a back-end pulse width are adjusted based on results obtained by 
reproducing the signals. 

Furthermore, in the first embodiment, the following is more 
preferable in that a recording pulse width can be set according to variations 
in thermal characteristics of each optical disk, whereby an information 
signal can be recorded with increased accuracy: before recording a test 
pattern for determining an edge position, moreover as in the fourth 
embodiment, test pattern signals for determining a pulse width are recorded; 
and a front-end pulse width and a back-end pulse width are adjusted based 
on results obtained by reproducing the signals. Moreover, performing the 
second embodiment prior to these embodiments and the third embodiment 
subsequent to these embodiments allows recording conditions to be 
determined substantially perfectly 

Furthermore, in the second embodiment, the following is more 
preferable in that a recording pulse width can be set according to variations 
in thermal characteristics of each optical disk, whereby an information 
signal can be recorded with increased accuracy: before recording test 
pattern signals for determining an edge position, moreover as in the fourth 
embodiment, test pattern signals for determining a pulse width are recorded; 
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and a front-end pulse width and a back-end pulse width are adjusted based 
on a result obtained by reproducing the signal. Moreover, performing the 
first embodiment prior to these embodiments and the third embodiment 
subsequent to these embodiments allows recording conditions to be 
determined substantially perfectly. 

Incidentally, in the first to fourth embodiments, preferably 
information for identifying a recording and reproducing device in which a 
test recording has been performed is recorded as information on a 
predetermined area such as a disk managing region on an optical disk. 
According to this method, the next time this medium is introduced to a 
recording and reproducing device, it can be judged whether the recording 
and reproducing device is substantially identical to the recording and 
reproducing device in which the test recording has been performed. When 
the device is judged to be identical, the time to be required the next time 
when a test recording is performed can be reduced. When judged to be 
substantially identical, a recording and reproducing device is the same 
recording and reproducing device or an equivalent recording and 
reproducing device (for example, a device manufactured by the same 
manufacturer). 

Furthermore, in the first to fourth embodiments, more preferably, 
information for identifying a recording and reproducing device prerecorded 
on a predetermined area such as a disk managing region on an optical disk is 
read out, and it is judged whether the identified recording and reproducing 
device is substantially identical to a recording and reproducing device in 
which a test recording is performed. When the identified recording and 
reproducing device is substantially identical to the recording and 
reproducing device in which the test recording is performed, a test recording 
is skipped with respect to at least one selected from the group consisting of 
information indicating a front-end pulse edge position and a back-end pulse 
edge position, information indicating a front-end pulse width and a back-end 
pulse width, and information indicating recording power. According to this 
method, in the case of a recording and reproducing device that is 
substantially identical, information indicating a front-end pulse edge 
position and a back-end pulse edge position, information indicating a 
front-end pulse width and a back-end pulse width, and information 
indicating recording power that are read out from an optical disk are used as 
optimum values, whereby the time to be required the next time when a test 



45 



recording is performed can be reduced. 

Incidentally, in the first to fourth embodiments, the timing desirable 
for performing a test recording are at least: when a recording and 
reproducing device is adjusted; when the recording and reproducing device is 
started; when a certain time has elapsed after the start-up; when an optical 
disk is replaced; when a bit error rate of the optical disk exceeds a 
predetermined value; and when the temperature of an operation 
environment varies. 

Performing a test recording when a recording and reproducing 
device is adjusted can compensate for variation factors caused among 
recording and reproducing devices. Further, performing a test recording 
when a recording and reproducing device is started and when a certain time 
has elapsed after the start-up can compensate for variation factors of the 
recording and reproducing device itself Further, performing a test 
recording when an optical disk is replaced can compensate for variation 
factors among optical disks. Further, performing a test recording when a 
bit error rate of an optical disk exceeds a predetermined value can 
compensate for variation factors of the optical disk itself. Further, 
performing a test recording when temperature of an operation environment 
can compensate for variation factors attributable to temperature dependence 
of a recording and reproducing device and an optical disk. 

Furthermore, either in the first embodiment or the third and fourth 
embodiments, for the purpose of determining an edge position of a recording 
pulse, a method is employed in which a certain test signal is recorded to 
measure an edge interval of a recording mark, and a difference between the 
measured edge interval and an optimum edge interval is adjusted in an edge 
position adjusting circuit. However, the same effect can be obtained by the 
following method. Plural kinds of test signals obtained by varying an edge 
position of a recording pulse in a step-wise manner are recorded, and with 
respect to the respective test signals, an edge interval of a recording mark is 
measured. An edge position of a recording pulse in a test signal in which 
the smallest shift amount of an edge interval is obtained is set with respect 
to an edge position adjusting circuit as an optimum value. 

Furthermore, in the first to fourth embodiments, measurement of 
an edge interval of a recording mark is performed in an edge timing 
detecting circuit, and accumulation of values of edge intervals as results of 
the measurement and calculation of an average value thereof are performed 
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in a system controlling circuit. However, these steps may be performed in a 
measuring device external to the recording and reproducing device of the 
invention such as a time interval analyzer. 

Furthermore, in the first to third embodiments, for the purpose of 
generating test pattern signals for determining a pulse edge position, test 
pattern signals for determining recording power, and test pattern signals for 
determining a pulse width, there is provided the test signal generating 
circuit 4 composed of ROM, or the like housing these test pattern signals. 
However, test pattern signals may be signals obtained by modulating a 
certain information signal generated from a system controlling circuit. This 
eliminates the need for separately providing a test signal generating circuit, 
thereby allowing a device to be reduced in size. Moreover, the test pattern 
signals may be signals to which an error-correcting code is added, 
respectively or interleaved signals. A bit error rate may be measured after 
demodulation or error correction. 

Furthermore, as the optical disk described above, any medium can 
apply the aforementioned methods as long as the medium is a medium in 
which a recording mark and a mark non-forming part (a space part) vary in 
optical characteristics such as a phase change material, a magneto-optical 
material, or a dye material. 

Furthermore, obviously, the modulation methods, the lengths and 
positions of each pulse, the periods of test pattern signals, or the like 
mentioned above are not limited to those in these embodiments, and it is 
possible to set optimum ones according to recording conditions or media. 
Moreover, measurement of a jitter may be substituted for measurement of a 
bit error rate, and measurement of a bit error rate may be substituted for 
measurement of a jitter. 



47 



01-09-18 19:37 TO-MERCHANT (Mi) 



FROM-IKEUCH! .SATO & PARTNER PATENT ATTORNEYS T-675 P. 10/20 F-194 



CLAIMS 

1. A method for optically recording information in which recording and 
reproduction of information is performed in such a manner that a test 
5 recording is performed before recording an information signal on a 
rewritable optical information recording medium, 

wherein based on a front-end pulse edge position predetermined by 
a combination table of a preceding space length and a mark length and a 
back*end pulse edge position predetermined by a combination table of a 
10 mark length and a following space length, a random pattern signal is 
recorded (a), 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured (b), 
O it is judged whether or not a value of the jitter or the bit error rate 

*J 15 as a result of the measurement is higher than a fixed value (c), 
?1 when the value of the jitter or the bit error rate is judged to be 

g I higher than the fixed value, first test pattern signals are recorded (d\ 
# edge intervals of the first test pattern signals after being reproduced 

m are measured (e), and 

*f 20 based on results obtained by measuring the edge intervals, optimum 

fp values of the front-end pulse edge position and the back-end pulse edge 

y5 position are determined (f), 

^ 2. The method for optically recording information according to claim 1, 

J=l wherein prior to the step (a), 

25 based on the front-end pulse edge position and the back-end pulse 

edge position that are predetermined, a random pattern signal according to 
predetermined recording power is recorded, 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured, 
30 it is judged whether or not a value of the jitter or the bit error rate 

as a result of the measurement is higher than a fixed value, 

when the value of the jitter or the bit error rate is judged to be 
higher than the fixed value, second test pattern signals are recorded in such 
a manner that the front-end pulse edge position and the back-end pulse edge 
35 position are set to predetermined values, 

based on results obtained by reproducing the second test pattern 
signals, an optimum value of recording power is determined, and 
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the steps (a) to (£} are performed. 

3. The method for optically recording information according to claim 2, 
wherein a random pattern is recorded in such a manner that the 

optimum values of the front-end pulse edge position and the back-end pulse 
5 edge position determined in the step (£) are used as initial values, and that at 
least one of the front-end pulse edge position and the back-end pulse edge 
position is (are) changed (a - 1), 

a jitter or a bit error rate of a reproduction signal obtained by 
reproducing the random pattern is measured (b - 1), and 
10 based on a result obtained by measuring the jitter or the bit error 

rate, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are corrected to be redetermined (c - 1), 

4. The method for optically recording information according to claim 3, 
p wherein prior to the step (a - 1), 

&■ 15 based on the optimum values of the front-end pulse edge position 

jf^j and the back-end pulse edge position determined in the step (£), a random 

m pattern is recorded, 

y3 a jitter or a bit error rate obtained by reproducing the random 

IP pattern is measured, 

^ 20 it is judged whether or not a value of the jitter or the bit error rate 

as a result of the measurement is higher than a fixed value, and 

yj when the value of the jitter or the bit error rate is judged to be 

M higher than the fixed value, the steps (a - 1) to (c - l) are performed. 

% 5 - The method for optically recording information according to claim 4, 

%1 25 wherein subsequent to the step (c - 1), 

based on the corrected optimum values of the front-end pulse edge 
position and the back-end pulse edge position, third test pattern signals are 
recorded, and 

based on results obtained by reproducing the third test pattern 
30 signals, a front-end pulse width and a back-end pulse width are corrected. 
6. The method for optically recording information according to claim 1, 
wherein prior to the step (a), 

based on the front-end pulse edge position and the back-end pulse 
edge position that are predetermined, third test pattern signals are recorded, 
35 and 

based on results obtained by reproducing the third test pattern 
signals, a front-end pulse width and a back-end pulse width are corrected. 
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7. The method for optically recording information according to claim 1, 
wherein information indicating the front-end pulse edge position 

and information indicating the back-end pulse edge position that are 
prerecorded in a predetermined area on the optical information recording 
5 medium are read out and used as initial values, and 

based on the information, the front-end pulse edge position and the 
back-end pulse edge position that are predetermined are determined, 

8. The method for optically recording information according to claim 7, 
wherein information for identifying a recording and reproducing 

10 device that is prerecorded in a predetermined area on the optical information 
recording medium is read out, 

it is judged whether or not the recording and reproducing device 
after being identified is substantially identical to a recording and 
reproducing device in which a test recording is performed, and 
H 15 when the recording and reproducing device after being identified is 

judged to be substantially identical to the recording and reproducing device 
in which the test recording is performed, a test recording is skipped with 
respect to information indicating a front-end pulse edge position and 
information indicating a back-end pulse edge position. 
20 9. The method for optically recording information according to claiml, 
wherein the optimum values of the front-end pulse edge position 
and the back-end pulse edge position are recorded as information in a 
predetermined area on the optical information recording medium. 

10. The method for optically recording information according to claim 9, 
25 wherein information for identifying a recording and reproducing 

device in which a test recording has been performed is recorded as 
information in a predetermined area on the optical information recording 
medium. 

11. The method for optically recording information according to claim 2, 
30 wherein information indicating the recording power prerecorded in 

a predetermined area on the optical information recording medium is read 
out and used as an initial value, and 

based on the information, the predetermined recording power is 
determined. 

35 12. The method for optically recording information according to claim 
11, 

wherein information for identifying a recording and reproducing 
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device that is prerecorded in a predetermined area on the optical information 
recording medium is read out, 

it is judged whether or not the recording and reproducing device 
after being identified is substantially identical to a recording and 
5 reproducing device in which a test recording is performed, and 

when the recording and reproducing device after being identified is 
judged to be substantially identical to the recording and reproducing device 
in which the test recording is performed, a test recording is skipped with 
respect to information indicating recording power. 
10 13. The method for optically recording information according to claim 2, 

wherein the optimum value of the recording power is recorded as 
information in a predetermined area on the optical information recording 
medium. 

0 14; The method for optically recording information according to claim 

C 15 13 ; 

p wherein information for identifying a recording and reproducing 

tfl device in which a test recording has been performed is recorded as 
yJJ information in a predetermined area on the optical information recording 
m medium. 

y 20 15. An optical information recording device for recording information on 
p an optical information recording medium employing the method for optically 
y3 recording information according to claim 1, 

^ wherein a test recording is performed and a timing thereof is at 

5S least one selected from the group consisting of when the recording and 
U 25 reproducing device is adjusted; when the recording and reproducing device is 
started; when a certain time has elapsed after the start-up; when an optical 
information recording medium is replaced; when a bit error rate of an optical 
information recording medium exceeds a predetermined value; and when a 
temperature of an operation environment of the optical information 
30 recording device varies. 

16. (Cancelled) 

17. (Amended) A method for optically recording information in which 
recording and reproduction of information is performed in such a manner 
that a test recording is performed before recording an information signal on 

35 a rewritable optical information recording medium, 

wherein based on a front-end pulse edge position and a back-end 
pulse edge position that are predetermined, a random pattern signal 
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according to predetermined recording power is recorded, 

a jitter or a bit error rate of the random pattern signal after being 
reproduced is measured, 

it is judged whether a value of the jitter or the bit error rate as a 
5 result of the measurement is not less than a fixed value, 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, first test pattern signals are recorded in such a 
manner that the recording power is set to a predetermined value, and 
based on results obtained by reproducing the first test pattern 
10 signals, optimum values of the front-end pulse edge position and the 
back-end pulse edge position are determined, and 

wherein based on the front-end pulse edge position and the 
back-end pulse edge position that are predetermined, a random pattern 
0 signal is recorded with predetermined recording power (a), 

^ 15 a jitter or a bit error rate of the random pattern signal after being 

*'* reproduced is measured (b), 

Cl it is judged whether or not a value of the jitter or the bit error rate 

m as a result of the measurement is not less than a fixed value (c), 
Jf^j when the value of the jitter or the bit error rate is judged to be not 

20 less than the fixed value, second test pattern signals are recorded (d), and 
Q based on results obtained by reproducing the second test pattern 

@ signals, an optimum value of the recording power is determined (eX 
lZ 18. The method for optically recording information according to claim 

m 17, 

in iff 

|4* 25 wherein a random pattern is recorded in such a manner that the 

recording power is set to the optimum value determined in the step (e), and 
that at least one of the front-end pulse edge position and the back-end pulse 
edge position is (are) changed (a - 1), 

a jitter or a bit error rate obtained by reproducing the random 
30 pattern is measured (b - 1), and 

based on a result obtained by measuring the jitter or the bit error 
rate, the optimum values of the front-end pulse edge position and the 
back-end pulse edge position are corrected to be redetermined (c - l). 
19. The method for optically recording information according to claim 
35 18, 

wherein prior to the step (a - l), 

based on the optimum value of the recording power determined in 
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the step (e), a random pattern is recorded, 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured, 

it is judged whether a value of the jitter or the bit error rate as a 
5 result of the measurement is not less than a fixed value, and 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, the steps (a - 1) to (c - l) are performed. 
20. The method for optically recording information according to claim 
19, 

10 wherein subsequent to the step (c - l) } 

based on the corrected optimum values of the front-end pulse edge 
position and the back-end pulse edge position, third test pattern signals are 
recorded, and 

y based on results obtained by reproducing the third test pattern 

15 signals, a front-end pulse width and a back-end pulse width are corrected. 
|j j 21. (Amended) The method for optically recording information according 

J! to claim 17, 

5f wherein, prior to the step (a), 

if"! "Z 

p based on the front-end pulse edge position and the back-end pulse 

- " 20 edge position that are predetermined, third test pattern signals are recorded, 

C3 and 

*f based on results obtained by reproducing the third test pattern 

jg signals, a front-end pulse width and a back-end pulse width are corrected. 

O 22. (Amended) The method for optically recording information according 

■M* 25 to claim 17, 

wherein information indicating the recording power prerecorded in 
a predetermined area on the optical information recording medium is read 
out and used as an initial value, and 

based on the information, the predetermined recording power is 
30 determined. 

23, The method for optically recording information according to claim 
22, 

wherein information for identifying a recording and reproducing 
device that is prerecorded in a predetermined area on the optical information 
35 recording medium is read out, 

it is judged whether the recording and reproducing device after 
being identified is substantially identical to a recording and reproducing 

53 



ui-o3-id ib.42 io-^rfCnAAi itti i-rfUM- iKc uCn * .SAiO & PArfufetf r^AttiSi Aj fORftcYS i-6fr P- 1 6/20 M94 



device in which a test recording is performed, and 

when the recording and reproducing device after being identified is 
judged to be substantially identical to the recording and reproducing device 
in which the test recording is performed, a test recording is skipped with 
5 respect to information indicating recording power. 

24. (Amended) The method for optically recording information according 
to claim 17, 

wherein the optimum value of the recording power is recorded as 
information in a predetermined area on the optical information recording 
10 medium. 

25. The method for optically recording information according to claim 
24, 

wherein information for identifying a recording and reproducing 
W device in which a test recording has been performed is recorded as 

^ 15 information in a predetermined area on the optical information recording 
f*l medium. 

ff! 26. The method for optically recording information according to claim 

!y wherein information indicating the front-end pulse edge position 

% 20 and information indicating the hack-end pulse edge position that are 

P prerecorded in a predetermined area on the optical information recording 

medium are read out and used as initial values, and 
m based on the information, the front-end pulse edge position and the 

p back-end pulse edge position that are predetermined are determined. 

I?k 25 27. The method for optically recording information according to claim 

26, 

wherein information for identifying a recording and reproducing 

device that is prerecorded in a predetermined area on the optical information 

recording medium is read out, 
30 it is judged whether the recording and reproducing device after 

being identified is substantially identical to a recording and reproducing 

device in which a test recording is performed, and 

when the recording and reproducing device after being identified is 

judged to be substantially identical to the recording and reproducing device 
35 in which the test recording is performed, a test recording is skipped with 

respect to information indicating a front-end pulse edge position and 

information indicating a back-end pulse edge position. 
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28. The method for optically recording information according to claim 
17, 

wherein the optimum values of the front-end pulse edge position 
and the back-end pulse edge position are recorded as information in a 
5 predetermined area on the optical information recording medium. 

29. The method for optically recording information according to claim 
28, 

wherein information for identifying a recording and reproducing 
device in which a test recording has been performed is recorded as 
10 information in a predetermined area on the optical information recording 
medium. 

30. (Amended) An optical information recording device for recording 
information on an optical information recording medium employing the 

Ji method for optically recording information according to claim 17, 

i5 wherein a test recording is performed and a timing thereof is at 

W least one selected from the group consisting of when the recording and 

reproducing device is adjusted; when the recording and reproducing device is 
started up; when a certain time has elapsed after the start-up; when an 
optical information recording medium is replaced; when a bit error rate of an 
20 optical information recording medium exceeds a predetermined value; and 
when a temperature of an operation environment of the optical information 
recording device varies. 

31. A method for optically recording information in which recording and 
reproduction of information is performed in such a manner that a test 

25 recording is performed before recording an information signal on a 
rewritable optical information recording medium, 

wherein a random pattern signal is recorded in such a manner that 
a front-end pulse edge position predetermined by a combination table of a 
preceding space length and a self mark length and a back-end pulse edge 
30 position predetermined by a combination table of a self mark length and a 
following space length are used as initial values, and that at least either one 
of the front-end pulse edge position and the back-end pulse edge position is 
(are) changed (a), 

a jitter or a bit error rate obtained by reproducing the random 
35 pattern is measured (b), and 

based on a result obtained by measuring the jitter or the bit error 
rate, the front-end pulse edge position and the back-end pulse edge position 
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that are predetermined are corrected (c). 

32. t The method for optically recording information according to claim 
31, 

wherein prior to the step (a), 
5 based on the front-end pulse edge position and the back-end pulse 

edge position that are predetermined, a random pattern signal is recorded, 

a jitter or a bit error rate obtained by reproducing the random 
pattern is measured, 

it is judged whether a value of the jitter or the bit error rate is not 
10 less than a fixed value, and 

when the value of the jitter or the bit error rate is judged to be not 
less than the fixed value, the steps (a) to (c) are performed. 

33. The method for optically recording information according to claim 

I ■ 31 - 

15 wherein information indicating the front-end pulse edge position 

IW and information indicating the back-end pulse edge position that are 

^ prerecorded in a predetermined area on the optical information recording 

medium are read out and used as initial values, and 

based on the information, the front-end pulse edge position and the 
20 back-end pulse edge position that are predetermined are determined. 

34. The method for optically recording information according to claim 
33, 

wherein information for identifying a recording and reproducing 
device that is prerecorded in a predetermined area on the optical information 
25 recording medium is read out, 

it is judged whether the recording and reproducing device after 
being identified is substantially identical to a recording and reproducing 
device in which a test recording is performed, and 

when the recording and reproducing device after being identified is 
30 judged to be substantially identical to the recording and reproducing device 
in which the test recording is performed, a test recording is skipped with 
respect to information indicating a front-end pulse edge position and 
information indicating a back-end pulse edge position,. 

35. The method for optically recording information according to claim 
35 31, 

wherein the front-end pulse edge position and the back-end pulse 
edge position that have been corrected are recorded as information in a 
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predetermined area on the optical information recording medium. 

36. The method for optically recording information according to claim 
35, 

wherein information for identifying a recording and reproducing 
5 device in which a test recording has been performed is recorded as 

information in a predetermined area on the optical information recording 
medium. 

37. The method for optically recording information according to claim 
31, 

10 wherein a random pattern is recorded in the step (a) in such a 

manner that either one of the front-end pulse edge position and the back-end 
pulse edge position is changed, and 

with respect to a plurality of elements in the combination tables, the 
steps (a) to (c) are performed repeatedly. 

15 38. An optical information recording device for recording information on 
an optical information recording medium employing the method for optically 
recording information according to claim 31, 

wherein a test recording is performed and a timing thereof is at 
least one selected from the group consisting of when the recording and 

20 reproducing device is adjusted; when the recording and reproducing device is 
started up; when a certain time has elapsed after the start up; when an 
optical information recording medium is replaced; when a bit error rate of an 
optical information recording medium exceeds a predetermined value; and 
when a temperature of an operation environment of the optical information 

25 recording device varies. 

39. (Cancelled) 

40. (Cancelled) 

41. (Cancelled) 

42. (Cancelled) 
30 43. (Cancelled) 

44. (Cancelled) 

45. (Cancelled) 

46. (Cancelled) 

47. (Cancelled) 
35 48. (Cancelled) 

49. (Amended) A method for optically recording information in which 
recording and reproduction of information is performed in auch a manner 
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that a test recording is performed before recording an information signal on 
a rewritable optical information recording medium, 

wherein based on a front-end pulse edge position predetermined by 
a combination table of a preceding space length and a self mark length and a 
5 back-end pulse edge position predetermined by a combination table of a self 
mark length and a following space length, third test pattern signals are 
recorded in such a manner that either one of a front-end pulse width and a 
back-end pulse width is changed (a), and 

a leading edge jitter and a trailing edge jitter of a reproduction 
10 signal obtained by reproducing the third test pattern signals are measured 
independently, and based on a result obtained by measuring the jitters : 
optimum values of the front-end pulse width and the back-end pulse width 
are determined (b). 

Q 50. (Amended) The method for optically recording information according 

^15 to claim 49, 

wherein the third test pattern is a single-period signal pattern. 
51. (Amended) An optical information recording device for recording 
information on an optical information recording medium employing the 
method for optically recording information according to claim 49, 
20 wherein a test recording is performed and a timing thereof is at 

least one selected from the group consisting of when the recording and 
reproducing device is adjusted; when the recording and reproducing device is 
started up; when a certain time has elapsed after the start up; when an 
optical information recording medium is replaced; when a bit error rate of an 
25 optical information recording medium exceeds a predetermined value; and 
when a temperature of an operation environment of the optical information 
recording device varies. 
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ABSTRACT 



A method by which, in an optical disk recording and reproducing 
device, the time required for a test recording performed prior to an actual 
information recording can be reduced according to characteristics of an 
optical disk. A random pattern signal is transmitted from a random pattern 
signal generating circuit 3 and recorded on a test track on an optical disk 1 ? 
and a bit error rate of a reproduction signal is measured. Only when a 
value of the bit error rate is not less than a fixed value, test pattern signals 
are transmitted from a test pattern signal generating circuit 4 and recorded. 
An edge timing of a reproduction signal is measured by an edge timing 
detecting circuit 13. Based on a result of the measurement, edge positions 
of a front-end pulse and a back-end pulse are corrected. 
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33,924 
42,724 
21,197 
31,535 
36,848 
38,946 



Larson, James A. Reg. No. 40,443 

Leonard, Christopher J. Reg. No. 4 1 ,940 

Liepa, Mara E. Reg. No. 40,066 

Lindquist, Timothy A. Reg. No. 40,701 

Lown, Jean A. Reg. No. P-48,428 

Mayfield, Denise L. Reg. No. 33,732 

McDonald, Daniel W. Reg. No. 32,044 

Mclntyre, Jr., William F. Reg. No. 44,921 

Mitchem, M. Todd Reg. No. 40,73 1 

Mueller, Douglas P. Reg. No. 30,300 

Nelson, Anna M. Reg No. P-48,935 

Parsons, Nancy J. Reg. No. 40,364 

Pauly, Daniel M. Reg. No. 40,123 

Phillips, John B. Reg. No. 37,206 

Pino, Mark J. Reg. No. 43,858 

Prendergast, Paul Reg. No. 46,068 

Pytel, Melissa J. Reg. No. 41,512 

Qualey, Terry Reg. No. 25,148 

Reich, John C. Reg. No. 37,703 

Reiland, Earl D. Reg. No. 25,767 

Roberts, Fred Reg. No. 34,707 

Samuels, Lisa A. Reg. No. 43,080 

Schmaltz, David G. Reg. No. 39,828 

Schuman, Mark D. Reg. No. 31,197 

Schumann, Michael D. Reg. No. 30,422 

Scull, Timothy B. Reg. No. 42,137 

Sebald, Gregory A. Reg. No. 33,280 

Skoog, Mark T. Reg. No. 40,178 

Spellman, Steven J. Reg. No. 45,124 

Stoll-DeBell, Kirstin L. Reg. No. 43,1 64 

Sullivan, Timothy Reg. No. 47,98 1 

Sumner, John P. Reg. No. 29,1 14 

Swenson, Erik G. Reg. No. 45,147 

Tellekson, David K. Reg. No. 32,3 14 

Trembath, Jon R. Reg. No. 38,344 

Tunheim, Marcia A. Reg. No. 42, 1 89 

Underhill, Albert L. Reg. No. 27,403 

Vandenburgh, J. Derek Reg. No. 32, 179 

Wahl, John R. Reg. No. 33,044 

Weaver, Paul L. Reg. No. P-48,640 

Welter, Paul A. Reg. No. 20,890 

Whipps, Brian Reg. No. 43,261 

Whitaker, John E. Reg. No. 42,222 

Wier, David D. Reg. No. P-48,229 

Williams, Douglas J. Reg. No. 27,054 

Withers, James D. Reg. No. 40,376 

Witt, Jonelle Reg. No. 41,980 

Wu, Tong Reg. No. 43,361 

Young, Thomas Reg. No. 25,796 

Zeuli, Anthony R. Reg. No. 45,255 



I hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/firm/ organization 
who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure to be 
represented unless/until I instruct Merchant & Gould P.C. to the contrary. 

I understand that the execution of this document, and the grant of a power of attorney, does not in itself establish an attorney-client 
relationship between the undersigned and the law firm Merchant & Gould P.C, or any of its attorneys. 
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Please direct all correspondence in this case to Merchant & Gould P.C. at the address h^ c^4rh^& 

Merchant & Gould P.O. 
P.O. Box 2903 
Minneapolis, MN 55402-090: 

I hereby declare that all statements made herein of my own knowledge are true and tftgLalLsMemeat s made on ia for mati or 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 




Full Name 
Of Inventor «r\ 



Family Name 

NARUMI 



First Given Name 

Kenji 



Second Given Name 



Residence 
& Citizenship 



City 

Osaka 



State or Foreign Countr 

Japan 



Mailing 
Address 



Address 

Room 404, Excellent Life Motomachi, 3-36, MotomackL 
Ibaraki-shi 



City 

Osaka 



ign Country 



Country of Citizenship 
Japan 



State & Zip Code/Country 
567-0882 /Japan 



Signature of Inventor 201: 



Date: 



Full Name 
2 Of Inventor^ 



Family Name 

AKIYAMA 



First Given Name 

Tetsuya 



Second Given Name 



0 !jj Residence 
Ij p & Citizenship 



City 

Osaka 



2 yl Mailing 
|1| Address 



Address 

9-13-1-308, Kourigaoka, Hirakata-shi 



State or Foreign Country 

Japan , 



Country of Citizenship 
Japan 



City 

Osaka 



State & Zip Code/Country 
573-0084 /Japan 



Si«Miture of Inventor 202: 



Date: 



"PI : 

■&» '> Full Name 



Of Inventor 



Family Name 

NISHIUCHI 



First Given Name 

Kenichi 



Second Given Name 



o y 



Residence 
& Citizenship 



City 

Osaka 



State or Foreign Country 
Japan ~~ fft^S 



Mailing 
Address 



Address 

6-22, Shoudaihiranocho, Hirakata-shi 



City 

Osaka 



Country of Citizenship 

Japan 



State & Zip Code/Country 
573-1 135 /Japan 



Signature of Inventor 203: 



Date: 



Full Name 



Family Name 

FURUKAW 



First Given Name 

Shigeaki 



Second Given Name 



Residence 
& Citizenship 



City 

Osaka 



State or Foreig n Count ry 
Japan f _/ KJ^ 



Country of Citizenship 

Japan 



Mailing 
Address 



Room 202, Hashidahaitsu, 18-6, Kitajimacho, Kadoma- 
shi 



City 

Osaka 



State & Zip Code/Country 
571-0026 /Japan 



Signature of Inventor 204; 



Date: 



